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D scription 



1 . BACKGROUND OF THE INVENTION 



ies or antigens in extracorporal circulations for removal 
ot antigens or antibodies, bacterial toxins or other toxins, 
and autoimmune diseases. 



The Technical Field 



s Prior Art Disclosure 



The present invention relates to chromatographic 
adsorbent particles according to the pre-characterizing 
part of claim 1 ; methods of their preparation; and their 
use as a solid phase matrix in a fluid bed reactor 

"Definition of Expressions' 



There are numerous disclosures in the prior art con- 
cerning particles prepared from organic and inorganic 
materials. 

10 However, chromatographic adsorbent particles as 
claimed in claim 1 have apparently never been dis- 
closed. 



In the present context the expression "conglomer- 
ate" is intended to designate a composite of basic par- 
ticles, which may comprise particles of different types 
and sizes, held together by conglomerating agents. 
Conglomerates may be of various sizes, and shapes 
and should preferably exhibit various degrees of me- 
chanical rigidity depending on the application. Further, 
conglomerates may be chemically active or may be 
chemically inactive under the conditions applied. 

The expression "conglomerate of controlled relative 
density" is intended to designate a conglomerate or a 
conglomerate particle for which in particular the basic 
particles are chosen in predetermined amounts to pro- 
vide a certain relative density of the conglomerate with 
respect to the liquid in which an active substance or an- 
other constituent of the conglomerate is to be used so 
that the floatability or sedimentation, respectively, is 
controlled. 

Thus, chromatographic adsorbent particles accord- 
ing to the invention are intentionally designed with re- 
spect to the density of the medium for their particular 
purpose of application, including proper consideration 
of the influence of their sizes on their floating or sedi- 
mentation properties. In other media, e.g. during prep- 
aration or during storage under e.g. dry conditions, the 
chromatographic adsorbent particles may have a den- 
sity different from that in the liquid medium of use. 

In the present context the expression "active sub- 
stance" should be taken in a very broad sense compris- 
ing agents having desired properties for their particular 
purpose of application, e.g. adsorbents, ligands, rea- 
gents, and natural substances covalently bound to the 
conglomerate of controlled density. 

"Industrial Applicability" 

Chromatographic adsorbent particles having cova- 
lently bound at least one active substance are used in 
a wide variety of applications in chromatographic proc- 
esses, e.g. high performance liquid chromatography, 
gel filtration, ion exchange and affinity chromatography, 
e.g. carrying adsorbents; diagnostic processes, e.g. 
carrying adsorbents for blood purification, dye chroma- 
tographic processes for albumine purification; and pro- 
phylactic processes, e.g. carrying immobilized antibod- 



"Coated Particles" 

15 

Kuraray Co., Ltd., C.A. 98:157436t discloses 
beads, particles, fibres, sheets, and tubes of glass, ac- 
tivated carbon, silica, alumina or high molecular weight 
substances coated with copolymers of acrylates and 

20 carboxylic acids or amines to form selective adsorbent 
carriers or supports for use in selective electrodes or in 
column chromatography. 

Sakuma et al., C.A. 111:74363c, disclose glass or 
polymer spheres coated with hydroxy apatite for use as 

25 a stationary phase for column chromatography. 

EP-A-0266580 discloses a method for coating solid 
particles with a hydrophilic gel preferably agarose for 
various separating processes in packed columns based 
on adsorbent groups, e.g. ion exchanging groups, hy- 

30 drophobic groups, or groups with biospecificity chemi- 
cally bound to a gel. Such coating may be provided by 
mixing hydrophilic solid particles with a gel-forming sub- 
stance above the gelling temperature in which each in- 
dividual particle is coated, separated from each other, 

35 and cooled below the gelling temperature, essentially to 
stabilize the particles against the high pressure in e.g. 
HPLC applications. 

Generally, all of the above mentioned coated parti- 
cles are provided by coating individual particles made 

40 of the same material and having the same density. 

"Hollow Particles" 

US 4698317 discloses hollow microspherical glass 
45 particles having open pores, and being prepared by 
spray thermal decomposition of a solution, in an aque- 
ous organic solvent, wherein the water content pro- 
motes open pore formation. 

US 2797201 discloses substantially spherical, hol- 
so low particles having a "thin, strong skin" being prepared 
by thermal treatment of droplets of a solution of a film 
forming material, e.g. an organic polymer such as a phe- 
nol-formaldehyde resin, and optionally further contain- 
ing a "blowing agent', i.e an agent generating gas at the 
55 elevated temperature of the thermal treatment. 

GB 21 51 601 B discloses porous hollow particles of 
an inorganic material and a composite material compris- 
ing such particles supporting a selected substance such 
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as a chromatographic organic gel. The porous hollow 
particles may be formed by coating a fugitive core ma- 
terial, e.g. organic resin beads or alginate spheres, with 
inorganic material, and then heating to remove the fugi- 
tive core material. Further, GB 2151602B discloses 
closely similar particles wherein a magnetic material, 
such as ferric oxide, nickel oxid or cobalt oxide, is incor- 
porated in the inorganic shell of the particle. 

The 3M Corporation (USA) markets a number of 
types of substantially impermeable, hollow micro- 
spheres of silicious material. For example synthetically 
manufactured soda-lime borosilicate glass micro- 
spheres marketed by 3M in a variety of size fractions. 
Also, permeable hollow spheres of siliceous material 
derived from fly-ash are provided by Fillite Ltd., Run- 
corn, England. However, none of the commercially 
available microspheres are conglomerates of controlled 
relative density within the meaning of the present inven- 
tion. 

EP-A-0021563 discloses a material suitable for 
thermosetting which includes a collection of hollow par- 
ticles adhesively mixed with a thermosetting resin and 
which material may be converted by thermosetting in to 
a fused solid mass having a density not greater than 0.5 
g/cm 3 . 

"Pharmaceutical Dosage Forms' 

GB-A-2 196252 discloses an oral, solid, pharma- 
ceutical dosage form comprising conventional matrix 
binders including starch and cellulose, or their deriva- 
tives, and a pharmaceutically acceptable weighting 
agent, including inorganic compounds such as salts, ox- 
ides, or hydroxides of a metal, e.g. barium sulphate or 
ferrous oxide, suitable for oral administration to humans 
and for controlled release of a pharmaceutically active 
ingredient into the stomach. The controlled release unit 
may have any chosen density from about 2 g/ml to about 
6 g/ml and may in case of a conventional pellet have a 
size from about 1 to about 1 .4 mm, and in case of a tablet 
a size above 1 0 mm. Nothing is disclosed nor suggested 
about non-solid i.e. permeable or porous conglomerates 
of controlled relative density within the meaning of the 
present invention. Furtermore, the described pharma- 
ceutical dosage form consists of solid particles compris- 
ing a binder and a weighting agent soluble in gastic fluid 
which makes the pellet or tablet disintegrate shortly after 
ingestion. 

"Fluid Bed Particles' 

Generally, for a large number of applications, the 
active substance for binding molecules in a liquid chro- 
matographic fluid bed process may only temporarily be 
available or accessible at the right places in the fluid. 
Thus, for chromatographic adsorbent particles carrying 
active substances and often showing large variations in 
dispersion properties, e.g. sedimention or floatation, the 



active substances may be carried in an uncontrolled 
manner e.g. down- or upwards in relation to the liquid 
depending on the relative density* of the adsorbent par- 
ticle. 

5 In fluid bed reactors partially solving the problems 
of packed bed columns, i.e. the problems of suspended 
matter clogging up the solid-phase bed which increases 
the back pressures and compresses the bed disturbing 
the flow through the bed, the adsorbent particles are ear- 
to rying the active substance in a free, fluid phase by ap- 
plying a flow having an opposite direction to the direction 
of the relative movement of the adsorbent particle. Thus, 
adsorbent particles having a density larger than the fluid 
and moving downwards due to gravity may be kept in a 

is free, fluid phase by an upwards flow of fluid. Also, ad- 
sorbent particles having a density less than the fluid and 
thus moving upwards due to buoyancy may be kept in 
a free, fluid phase by a downwards flow of fluid. 

For fluid bed liquid chromatographic processes, the 

20 density of the solid-phase adsorbent particle is very im- 
portant in controlling bed properties. However, up to 
now, the design of solid-phase adsorbent particles has 
- been limited by the available material. 

Generally, particles may either be designed to be 

25 impermeable to the fluid, in which case the available sur- 
face area per unit volume is small; or particles may be 
designed to be permeable to the fluid, in which case the 
material chosen has to have the correct density perse. 
Unfortunately, the most interesting materials for many 

30 applications, e.g. materials such as natural and synthet- 
ic polysaccharides like agar, alginates, carrageenans, 
agarose, dextran, modified starches, and celluloses for 
chromatographic purification of proteins in packed bed 
columns are not of suitable density per se. Therefore, 

35 these materials are difficult to apply in fluid bed reactors. 
Certain types of organic polymers and certain types 
of silica based materials may be produced to provide 
adsorbent particles of suitable density, but such adsorb- 
ent particles may not at the same time be suitable active 

40 substances, e.g. for protein purification procedures, 
where such materials may provide low permeability, 
non-specific interactions and denature bound proteins. 
Further, for such polymers, it may be difficult and expen- 
sive to design derivatisation schemes for affinity chro- 

45 matography media. Also, certain types of permeable sil- 
ica particles have been used for fluid bed applications. 
However, the properties of these materials are far from 
optimal. Thus, the materials are instable at pH above 7, 
fragile to shear forces, and provide non-specific interac- 

50 tions. 

"Particles Having Active Substances Restricted to the 
Surface" 

55 US 4032407 discloses a tapered bed bioreactor ap- 
plying immobilized biological catalysts or enzymatic 
systems on fluidizable particulate support materials 
consisting of coal, alumina, sand, and glass, i.e. mate- 
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rials heavier than the fluid, particularly an aqueous fluid. 

EP-A-01 75568 discloses a three phase fluidized 
bed bioreactor process comprising purifying effluents in 
a three phase fluidized bed comprising solid particles 
being made by mixing a binder with an inorganic mate- 
rial based on aluminum silicate, granulating the resulting 
mixture, and firing the granules to sinter them. The spe- 
cific gravity of the sintered granules is adjusted to fall 
into a specific range from 1 .2 to 2.0 by varying the mixing 
ratio of inorganic powdery materials based on aluminum 
and binders, said sintered granules having a diameter 
from 0.1 to 5 mm. 

EP-A-0025309 discloses a downflow fluid bed bio- 
reactor applying biota attached to carrier particles con- 
sisting of cork, wood, plastic particles, hollow glass 
beads or other light weight material and having a spe- 
cific gravity which is less than that of a liquid sprayed 
onto the upper part of a fluid bed of suspended carrier 
particles and conducted downward through the bed. 

These three disclosures describe particulate sup- 
port materials to which the attachment of the active sub- 
stance is restricted to the surface of the particles limiting 
the amount of active substance to be obtained per unit 
volume compared to chromatographic adsorbent parti- 
cles allowing the active substance to be attached within 
the particle. Thus, in many applications, it is important 
to have specifically designed chromatographic adsorb- 
ent particles which are able to carry as large an amount 
of active substance per unit volume as possible, how- 
ever, such chromatographic adsorbent particles are not 
available in the prior art. 

Thus, in great many applications of active substanc- 
es in liquid chromatographic fluid bed processes, there 
is a need for materials of controlled relative density car- 
rying the active substances. 

"Distribution of Liquid in a Fluid Bed" 

A disadvantage of distributing an introduced liquid 
in a fluid bed reactor by spraying is the formation of 
channels in the bed by fluid rays. 

EP-A-0005650 discloses an up-flow fluid bed reac- 
tor having fluidizing fluid flow distributors at the bottom 
thereof providing flow paths to avoid turbulence effects. 
Besides requiring complicated flow paths, a disadvan- 
tage of such a distributor is that it may be clogged by 
particulate matter. 

"Removal of Oil on Water Surfaces" 

US 4142969 discloses an oleospecific hydrophobic 
composition comprising an intimate mixture of expand- 
ed volcanic glass consisting of perlite, a cellulose fiber, 
and a water repellent sizing consisting of asphalt; and 
a method of sorbing oleaginous compounds e.g. in se- 
I ctively removing oil from the surface of water. The con- 
stituents are incorporated into a homogeneous product 
by a wet process, dried in an oven until essentially all 



moisture has been removed, and then ground up into a 
fluffy low density material. Nothing is disclosed nor sug- 
gested about chromatographic adsorbent particles as 
claimed in claim 1 . 

s 

2. DISCLOSURE OF THE INVENTION 
(a) Chromatographic Adsorbent Particles 

10 it is the object of the present invention to provide 
improved chromatographic adsorbent particles as de- 
fined in the pre-characterizing part of claim 1 . 

Particularly, it is the object of the present invention 
to provide chromatographic adsorbent particles avoid- 

15 ing the disadvantages of known chromatographic ad- 
sorbent particles e.g. problems of uncontrolled sedi- 
mentation or floatation of the chromatographic adsorb- 
ent particles, the poor selectivity and capacity of chro- 
matographic adsorbent particles, and to provide the 

20 possibility of simultaneously designing and controlling 
the properties of the active substance and chromato- 
graphic adsorbent particles. 

According to the invention this object is fulfilled by 
providing chromatographic adsorbent particles as de 

25 fined in the pre-characterizing part of claim 1 which ad- 
sorbent particles are characterized by the features of the 
charaterizing part of claim 1 . 

According to the invention, chromatographic ad- 
sorbent particles may further comprise other substanc- 

30 es such as additives, fillings, softeners, etc., and possi- 
bly comprising a suitable surface coating. 

In its broadest aspect the density may be controlled 
by selecting at least two density controlling basic parti- 
cles of amorphous silica, quartz; or glass from a group 

35 of particles consisting of particles of very low density, 
particularly hollow and impermeable particles having 
shells of suitable material and properties; however, non- 
hollow particles may be chosen when appropriate; and 
particles of very high density, e.g. particles based on 

40 suitable heavy elements or compounds. 

Generally, the invention provides a new type of 
chromatographic adsorbent particles comprising con- 
glomerates of controlled relative density, selectivity, and 
capacity in terms of controllable interior surface areas 

45 and materials e.g. materials having specific chemical 
and/or mechanical properties. Thus, compared with 
known chromatographic adsorbent particles for fluid 
and packed bed reactors, chromatographic adsorbent 
particles according to the invention can surprisingly be 

so designed to have a number of advantages not previous- 
ly obtained. 

According to the invention, chromatographic ad- 
sorbent particles can be designed to have a controlled 
relative density independent of the active substances 
55 and the conglomerating agents; heavy particles can be 
made light, and vice versa, within a wide range of par- 
ticle sizes; the density can be controlled within very 
broad limits, e.g. the density of a known material can be 
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controlled for a specific application; the volume percent- 
age of the conglomerating agent can be controlled ac- 
cording to the application; the total size of the final chro- 
matographic adsorbent particles can be controlled con- 
trary to known particles having uncontrollable sizes for 
specific densities suitable for particular rising and falling 
velocities. Further, chromatographic adsorbent particles 
according to the invention have a relative larger capac- 
ity, i.e. a larger accessible volume, compared to e.g. 
known impermeable chromatographic adsorbent parti- 
cles. Also, in preparing such known impermeable chro- 
matographic adsorbent particles, the active substances 
to be applied are limited, e.g. limited to substances that 
can be attached to the particle surface. Further, contrary 
to known chromatographic adsorbent particles having a 
given mechanical strength and density, the elasticity 
and the mechanical strength of chromatographic ad- 
sorbent particles according to the invention can be con- 
trolled independently of the density. Also, pore sizes and 
e.g. biocompatibility can be controlled independently of 
the density in order to allow access to the interior of the 
chromatographic adsorbent particles and to avoid de- 
naturation e.g. of proteins. 

Preferred embodiments are defined in the claims 
2-18. 

(b) Methods of Preparing Chromatographic Adsorbent 
Particles 

Preparation of chromatographic adsorbent parti- 
cles according to the invention may be obtained by var- 
ious methods known perse, e.g. block polymerisation 
of monomers; suspension polymerisation of monomers; 
block or suspension gelation of gelforming materials, e. 
g. by heating and cooling (e.g. of agarose) or by addition 
of gelation "catalysts" (e.g. adding a suitable metalion 
to alginates or carrageenans); block or suspension 
cross-linking of suitable soluble materials (e.g. cross- 
linking of dextrans, celluloses, or starches with e.g. ep- 
ichlorohydrine or divinyl sulfon); mixed procedures e.g. 
polymerisation and gelation; spraying procedures; and 
fluid bed coating of density controlling basic particles. 

For particularly preferred embodiments according 
to the invention, chromatographic adsorbent particles 
may be obtained by cooling emulsions of density con- 
trolling basic particles suspended in conglomerating 
agents in heated oil solvents; or by suspending density 
controlling basic particles and active substance in a suit- 
able momoner or copolymer solution followed by polym- 
erisation. 

"Preparation by Gelation/Polymerisation in the 
Emulsified State" 

A method of preparing chromatographic adsorbent 
particles according to the invention is defined in claim 
19. 

Preferred embodiments are defined in claims 20 
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and 21. 

"Preparation by Gelation/Polymerisation in the Block 
State" 

5 

Another method of preparing chromatograhic ad- 
sorbent particles according to the invention is defined in 
claim 22. 

Preferred embodiments are defined in claims 23 
10 and 24. 

For polysaccharides such as agarose and agar, i.e. 
materials melting at high temperatures and solidifying 
at low temperatures, the conglomerating means is by 
heating/cooling. 

is Particularly for heavily charged polysaccharides 
and polymers such as alginates and carrageenans, the 
conglomerating means is non-covalent cross-bonding 
by addition of a suitable metal ion. However, for polysac- 
charides in general, e.g. cellulose and its derivatives, 

20 and polymers containing e.g. amino, hydroxy!, thiol, and 
carboxy groups, the conglomerating means is covalent 
cross-bonding by addition of a suitable cross-bonding 
agent, e.g. epichlorohydrine, divinyl sulfon, bisepox- 
yranes, dibromopropanol, glutaric dialdehyde, di- 

25 amines, and other bifunctional agents. 

Also, the above mentioned conglomerating means 
may be combined in specific cases such as the prepa- 
ration of conglomerates of agarose-acryl-derivatives 
and cross-bonded mixtures of agarose and dextran. 

30 Further, in the above mentioned block polymerisa- 
tion, the segregation step of the polymer block may be 
obtained by methods known perse, e.g. by granulation 
and sieving. 

35 (c) The Use of Chromatographic Adsorbent Particles 
"Solid Phase Matrix in Fluid Bed Reactors" 

The invention also relates to the use of chromato- 
40 graphic adsorbent particles according to the invention 
as a solid phase matrix in fluid bed reactors. 

Generally, a fluid bed reactor may comprise a ver- 
tical reactor with an inlet, an outlet, a fluid bed of parti- 
cles, and a liquid. The liquid is introduced at the inlet 
45 and dispersed, optionally through a gas head in case of 
down-flow reactors, on the bed of particles which are 
suspended and fluidized by the liquid. The liquid is con- 
ducted through the bed and a pool of reacted and/or un- 
reacted liquid is let out at the outlet. 
so Down-flow fluid bed reactors have liquid inlet at the 
top of the reactor and fluid bed particles of specific grav- 
ity less than that of the liquid. 

Up-flow fluid reactors have liquid inlet at the bottom 
of the reactor and fluid bed particles of specific gravity 
55 larger than that of the liquid. 

The suspended particles may be reactive or may 
carry immobilized reactive components selected for sol- 
id phase chemical or physical processes with one or 
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more components of the fluid in procedures such as en- 
zymatic reactions; fermentation; ion -exchange and af- 
finity chromatography; filtration; adsorption; catalysis; 
immunosorption; solid-phase peptide and protein syn- 
thesis; and microbiological growth of microorganisms. 5 

It is an object of the invention to provide the use of 
chromatographic adsorbent particles according to the 
invention in solid-phase chemical processes in continu- 
ous fluid bed reactors particularly for separation of pro- 
teins. 10 

The use of chromatographic adsorbent particles ac- 
cording to the invention as a solid phase matrix in a fluid 
bed reactor is defined in claim 25. 

Preferred uses of the chromatographic adsorbent 
particles are defined in procedures as defined in claim *s 
26. 

Further, specifically preferred uses of the chroma- 
tographic adsorbent particles in a liquid down-flow fluid 
bed reactor and in a liquid up-ftow fluid bed reactor are 
defined in claims 27 and 29, respectively. 20 

"Distribution of Liquid in the Fluid Bed of a Liquid Fluid 
Bed Reactor" 

Generally, in order to carry out solid phase chemical 25 
or physical processes in a fluid bed reactor, an even and 
smooth distribution of liquid in the fluid bed is desired. 
However, fluid bed reactors known in the art do not have 
means known perse to avoid formation of channels as 
well as unwanted turbulence in the particle bed. 30 

It is another object of the present invention to pro- 
vide the use of chromatographic adsorbent particles ac- 
cording to the invention in a fluid bed reactor for distrib- 
uting a liquid in the fluid bed such that the liquid is dis- 
tributed evenly and with minimal or no turbulence in the 35 
fluid bed. 

The use of chromatographic adsorbent particles ac- 
cording to the invention or this particular purpose in a 
liquid down-flow fluid bed reactor and in a liquid up-flow 
fluid bed reactor are defined in claims 28 and 30, re- *o 
spectively. 

According to the invention this is obtained e.g. by 
providing a liquid down -flow fluid bed reactor comprising 
a vertical reactor with an inlet, an outlet, and a fluid bed 
of particles, wherein the particles proximal to the liquid 45 
inlet are agitated, preferably by stirring with a mechan- 
ical stirrer which does not form a vortex, forming a tur- 
bulent zone of vigorously moving particles adjoining a 
non-turbulent zone where the particles are in stationary 
fludized state, said turbulent zone having an extent de- so 
termined by the degree of agitation the value of which 
is selected for a given flow of liquid, viscosity, and buoy- 
ancy of the particles, within a range from a degree of 
agitation where the particles move but to not mix to a 
degree of agitation where the particles mix throughout 55 
the fluid bed. 

Also, the invention provides a similar method for an 
up-flow fluid bed reactor in which the extent of the tur- 
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bulent zone is determined based on the sedimentation 
of the fluid bed particles instead of the buoyancy of the 
particles as in case of the down-flow fluid bed reactor. 

It is known that fluids and solids can be mixed by 
agitation. However, to the applicants' knowledge, it is 
new to apply agitation to fluid bed reactors for the pur- 
pose of distributing the liquid flow in the fluid bed, par- 
ticularly for a down-flow reactor. 

Apparently, in the art, it has been anticipated that 
agitation of a fluid bed generates turbulence which may 
result in unwanted mixing of products and reactants, 
and in unwanted wear of the bed particles. However, ac- 
cording to the invention, these advantages can be lim- 
ited considerably by agitating a part of the fluid bed, par- 
ticularly the part of the bed proximal to the inlet of the 
liquid. 

Particularly, for a down-flow fluidized fluid bed reac- 
tor it has turned out that agitation of the upper part of 
the fluid bed divides the bed in two zones: 

i) a turbulent zone with turbulence and vigorously 
moving particles; and 

ii) a non-turbulent zone with no turbulence and par- 
ticles in a stationary fluidized state. 

The two zones adjoin with a sharp interface across 
which the liquid flow is evenly distributed. The position 
of the sharp interface is controlled by the degree of ag- 
itation which is selected for a given flow of liquid, vis- 
cosity, and buoyance /sedimentation of the particles. 
Thus, according to the invention, a turbulent zone pro- 
vides an even distribution of liquid flow to the non-tur- 
bulent zone with minimal or no turbulence. 

A number of advantages are obtained. 

For chromatographic applications, the dispersion of 
eluant is reduced, i.e. the width of the eluation band is 
reduced. Further, formation of channels in the fluid bed 
is minimized. 

According to the invention, agitation can be effected 
by stirring the fluid bed or by any agitation means, in- 
cluding mechanical agitation or gas injection. 

According to the invention, the fluid bed particles 
can be different or of the same type for both the turbulent 
zone and the non -turbulent zone. 

In a preferred embodiment, the turbulent zone may 
comprise inert particles of slightly different specific grav- 
ity than the particles of the non-turbulent zone. In this 
case, the inert particles positioned in the turbulent zone 
solely participate in the distribution of liquid, and not in 
the solid phase processes. 

Generally, compared to packed bed techniques, flu- 
id bed techniques, e.g. to be used in fluid bed chroma- 
tography, are better suitable to large scale primary pu- 
rification of proteins as the steps of centrrfugation and 
filtration can be avoided. Thus, the fluid bed techniques 
can be used immediately following the production of the 
protein, e.g. directly applying the produced extract or 
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fermentation liquid to fluid bed purification and conver- 
sion. Accordingly, using chromatographic adsorbent 
particles according to the invention in fluid bed tech- 
niques, several advantages such as the control of the 
density, and the choice of materials to design the chem- 
ical and/or mechanical properties of the adsorbent par- 
ticles, e.g. including cheaper basic materials, are ob- 
tained. 

3. BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is further illustrated by refer- 
ence to the examples given below and to Figures 1 -6, 
wherein 

Fig. 1 A shows a 40X amplified photograph of con- 
glomerates of agarose and glass spheres prepared 
according to Example 1 (a); 

Fig. 1B shows a 40X amplified photograph of se- 
lected spherical conglomerates of agarose and 
glass spheres prepared according to Example 1 (a); 

Fig. 2 illustrates a preferred embodiment of a fluid 
bed reactor; 

Fig. 3 illustrates another preferred embodiment of 
a fluid bed reactor; 

Fig. 4A and 4B show perspective sketches of an- 
other preferred embodiment of a down flow fluid bed 
reactor; 

Fig. 5 illustrate the fluid bed particles of conglomer- 
ates according to the invention in a down flow fluid 
bed reactor; and 

Fig. 6A-6D illustrate cross-sections along the lines 
VIB, VIC, VID, VIE in Fig. 5. 

4. DETAILED DESCRIPTION 

(a) Controlled Relative Density of Chromatographic 
Adsorbent Particles 

Within the present context the expression "relative 
density chromatographic adsorbent - designates the 
density of the individual chromatographic adsorbent 
particles in the wet state, i.e. a state where the conglom- 
erating agent is fully hydrated, but without any interstitial 
liquid between individual conglomerate particles. This 
means that the liquid in which the chromatographic ad- 
sorbent particles are used are determinant for the den- 
sity of the chromatographic adsorbent particles in as 
much as this liquid penetrates into the volume of the 
conglomerating agent, solvates this and fill out the 
pores. 

This relative density is determinant for the tendency 



of the particles to float or to sediment in a given liquid. 
The relative density of chromatographic adsorbent par- 
ticles according to the invention is thus dependent on 
the solvated density of the conglomerating agent, the 

5 concentration of conglomerating agent, the density of 
the density controlling basic particles (impermeable to 
the liquid and substantially non-solvated) used to regu- 
late the density and the concentration of these. 

The density of the solvated phase, i.e. the volume 

10 occupied by the conglomerating agent and the active 
substance will usually be dependent on the specific ap- 
plication of the particles and thus not allowable to be 
regulated by variation of the concentration of conglom- 
erating agent. Therefore, according to the invention the 

75 density of the chromatographic adsorbent particles is 
regulated by the addition of density controlling basic par- 
ticles having a density free of choice with respect to the 
functionality of the chromatographic adsorbent particles 
and also having a final concentration in the chromato- 

20 graphic adsorbent particles free of choice with respect 
to the functionality, i.e. the functionality of the active prin- 
ciple within the volume of the conglomerating agent is 
not disturbed by the density and concentration of the 
density controlling basic particles. 

25 a crude estimate of the final density as a function 
of the concentration of density controlling basic particles 
can be found by the following equation: 

Density of chromatographic adsorbent particles = 

30 <(d c x v c ) ) + (d b x v b ))/(v c + v b ) 

d c = density of solvated conglomerating phase 
d b = density of density controlling basic particles 
v c = volume occupied by solvated conglomerating 
35 phase 

v b = volume occupied by density controlling basic par- 
ticles. 

Differences in the degree of solvation occuring in 

40 different solvents have to be corrected for. Thus, for cer- 
tain conglomerating agents, e.g. heavily charged poly- 
mers for ionexchange chromatography, the degree of 
solvation, i.e. the volume of liquid taken up per gram dry 
weight, may differ with several hundred percent in fluids 

45 with different ionic strength or pH. 

By way of example the density of chromatographic 
adsorbent particles comprising agarose as the con- 
glomerating agent and hollow glass spheres as density 
controlling baste particles is regulated by the addition of 

so hollow glass spheres to the liquified agarose, the 
amount added (for example measured as gram hollow 
glass spheres per ml agarose) being determinant for the 
density of the final chromatographic adsorbent particles. 
Assuming a density of the agarose phase to be 1 .0 

ss g/ml and the volume used to be one liter (1000 ml) and 
the density of the hollow glass spheres to be 0.2 g/ml 
and the amount used to be 1 00 g (corresponding to 500 
ml) the calculated density would be: 
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((1.0 x 1000) + (0.2 x 500))/(1000 + 500) = 0.73 g/ml 

II only 50 g of hollow glass beads were added the 
calculated density would be: 

((1 .0 x 1000) + (0.2 x 250))/(1000 + 250) = 0.84 g/ml 

If instead of the hollow glass spheres, the basic par- 
ticles used were solid glass spheres with a density of 
2.5 g/ml and 500 g were used to the same amount of 
agarose, the calculated density would be: 

((1.0 x 1000) + (2.5 x200))/(1000 + 200)= 1.25 g/ml 

■Concentration of Density Controlling Basic Particles" 

Generally, the density controlling basic particle con- 
centration shall be as small as possible in order to obtain 
as high a concentration of the active substance as pos- 
sible. However, depending on the application, the den- 
sity controlling basic particles concentration by volume 
is selected from a group consisting of: 

1 - 95 % 
1.5-75%, 
5 - 50 %, 
5 - 40 %, 

5 - 30 %, most preferred. 
"Dimensions of Chromatographic Adsorbent Particles" 

According to the invention, optimum dimensions of 
the chromatographic adsorbent particles of the type ac- 
cording to the present invention will largely depend upon 
the use to which they are to be put, although limitations 
dictated by the nature of the material and/or by the na- 
ture of the active substance and conglomerating agent 
within the chromatographic adsorbent particles may al- 
so play a role. 

From the point of view of achieving the greatest rate 
of interaction of chemical species with a given mass of 
conglomerate of a particular type, it will generally be ad- 
vantageous that the total surface area of the chromato- 
graphic adsorbent particles is as large as possible, and 
thus that the size of the chromatographic adsorbent par- 
ticles is as small as possible. 

In preferred aspects of the chromatographic ad- 
sorbent particles according to the invention, the size of 
substantially all of said chromatographic adsorbent par- 
ticles is within a range selected from the group consist- 
ing of: 

1-10000 ujti, 
1 - 5000 ujti, 
1 - 4000 u/n, 
1 - 3000 jxm, 
1 - 2000 u.m, 
1- 1000 u.m, 
50- 500 jim. 
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The actual size range preferred is dependent on the 
actual application and the desired control of the disper- 
sion properties, e.g. sedimentation and floatation, of the 
chromatographic adsorbent particles both properties 

s being dependent on the density and the size range of 
the chromatographic adsorbent particles. Thus, for very 
fast separation flow rates chromatographic adsorbent 
particles of relatively low or high densities and relativ ly 
large sizes are preferred. However, large chromato- 

10 graphic adsorbent particles may be limited in diffusion 
in certain applications, e.g. when proteins have to dif- 
fuse in and out of the chromatographic adsorbent parti- 
cles and interact with active substances within the chro- 
matographic adsorbent particles. 

is For purification and binding of proteins and other 
high molecular weight substances which may diffuse 
slowly in the chromatographic adsorbent particles, e.g. 
in the conglomerating agent, the preferred size of the 
chromatographic adsorbent particles is within a range 

20 selected from the group consisting of: 

1 -2000 urn, 
10-1 000 ujti, 
50- 750 ujti, 
25 1 00- 500 uin, most prefered. 

For chromatographic adsorbent particles within the 
context of the present invention to be of use, for exam- 
pie, in chromatographic separation processes, the time- 
30 scale of the process of diffusion of the liquid phases 
through the chromatographic adsorbent particles, 
where relevant, should preferably be short in order to 
ensure sufficiently rapid equilibration between extra- 
and intraparticular phases; this time-scale will often be 
3S of the order of seconds. 

(b) Density Controlling Basic Particles and Materials 

In selecting density controlling basic particles for 
40 use as low or high density particles according to the in- 
vention, the material of the particles depends on the pur- 
pose. Generally, the material is to be sought among 
amorphous silica, quartz, or glass. 

45 "Siliceous Glassy or Ceramic Materials" 

As mentioned earlier, the prior art discloses a 
number of examples of hollow particles of siliceous 
glassy or ceramic material which may be used as low 

so density hollow particles of chromatographic adsorbent 
particles according to the invention, these previously 
disclosed particles being obtained relatively cheaply 
and straightforwardly by deliberate synthesis or as a fly- 
ash by-product of certain combustion processes. 

ss Accordingly, in a further preferred aspect of the in- 
vention, the material of the basic particles employed in 
chromatographic adsorbent particles of both low and 
high density particles according to the invention is a 
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glass, preferably an synthetic glass comprising silicon 
dioxide and/or a silicate. 

In yet another preferred aspect of the invention, 
such material is a silicon dioxide-containing material de- 
rived from fly-ash, in which case the material may be 
amorphous (e.g. glassy) or crystalline, or to some extent 
both amorphous and crystalline. 

"Structure of Density Controlling Basic Particles" 

Further, the material of the density controlling basic 
particles within the context of the present invention may 
be chemically and/or physically inhomogeneous. For 
example, it may have a layered structure involving one 
or more layers of similar or different materials, e.g. var- 
ious types of siliceous materials. 

(c) Active substances 

Concerning the active substances covalently bound 
to the chromatographic adsorbent particles according to 
the invention, this may, for example, be any type of ma- 
terial which is useful for a given application. 

According to the invention the material of an active 
substance comprises a member selected from the 
group consisting of organic and inorganic compounds 
or ions, non-metallic elements, and organic polymers of 
biological and synthetic origin. 

It is preferred that the active substance comprises 
a member selected from the group defined in claim 11 . 

"Introduction of Active Substance into the 
Chromatographic Adsorbent Particles" 

Generally, the active substance may be introduced 
into the chromatographic adsorbent particles in a 
number of ways depending on the nature of the active 
substance, the conglomerating agent, and the chroma- 
tographic adsorbent particles, e.g. their pore size. Thus, 
both low and high molecular weight ligands may be in- 
corporated during conglomeration either by chemical 
cross-linking or by copolymerisation. Further, both low 
and high molecular weight ligands may be chemically 
coupled to a conglomerating agent before or after con- 
glomeration, or they may be coupled to precursor mon- 
omers or polymers introduced together with the con- 
glomerating agent during the conglomeration provided 
the desired functions of the active substance is kept in- 
tact or may be reestablished before use. However, if the 
means of conglomerating damages or destroys the 
functioning of the active substance, the fragile active 
substance may be introduced after conglomeration pro- 
vided the conglomerate has been designed with suitable 
pore sizes to allow access to its interior. 

"Pore Sizes and Their Formation" 

The optimum size or size-range of the through-go- 
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ing pores will, of course, vary very considerably, de- 
pending on the use to which the permeable chromato- 
graphic adsorbent particles is to be put. Such pore sizes 
are difficult to characterize quantitatively; however, in 

5 terms of the size of the molecules which are to be ca- 
pable of passing through the pores, a realistic upper ex- 
clusion limit for macromolecules, notably biological 
macromolecules, such as proteins, will often be a mo- 
lecular weight of the order of magnitude of 10 8 . The 

io practical lower limit for pore size will generally be set by 
physico-chemical considerations, e.g. the detailed 
chemical structure of the outer part and the manner in 
which the outer part material dissolves or reacts during 
the pore-formation process. 

is Pore sizes may typically be formed by methods 
known perse, e.g. by simply controlling the concentra- 
tion of the conglomerating agent Thus, for agarose de- 
rivatives a larger concentration will provide a smaller 
pore size. However, other methods may be applied de- 

20 pending on the conglomerating agent and e.g. the in- 
corporated polymers and copolymers. 

"Activation or Derivatization" 

25 in cases where the conglomerating agent may not 
have the properties to function as an active substance, 
the conglomerating agent, or agents, or polymers intro- 
duced in the conglomerate, may be derivatized to func- 
tion as one or more active substances by procedures of 

30 activation or derivatisation well known perse. Thus, ma- 
terials comprising hydroxy!, amino, amide, carboxyl or 
thiol groups may be activated or derivatized using vari- 
ous activating chemicals, e.g. chemicals such as cya- 
nogen bromide, divinyl sutfone, epichlorohydrine, bise- 

35 poxyranes, dibromopropanol, glutaric dialdehyde, car- 
bodiimides, anhydrides, hydrazines, periodates, benzo- 
quinones, triazines, tosylates, tresylates, and diazo- 
nium ions. 

40 (d) Conglomerating Agents 

In selecting the conglomerating agent for use as a 
means of keeping the density controlling basic particles 
together and as a means for binding the active sub- 
45 stance, the conglomerating material is to be sought 
among certain types of natural or synthetic organic pol- 
ymers, such as defined in claim 1 . 

"Organic Polymers' 

so 

In one aspect of the invention the material of the 
conglomerating agent comprises a member selected 
from the group consisting of organic monomers and pol- 
ymers of biological and synthetic origin, preferably as 
ss defined in claim 8. 
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"The Active Substance as Conglomerating Agent" 

In one aspect of the invention the conglomerating 
agent can function as the active substance. In a further 
aspect, the conglomerating agent may further in a mix- 
ture comprise a member selected from the group con- 
sisting of: 

natural and synthetic polynucleotides and nucleic 
acids, including DNA, RNA, poly-A, poly-G, poly-U, 
poly-C and poly-T; and 

natural and synthetic peptides and polypeptides 
and other amino acid based polymers, including ge- 
latins, albumins, hemoglobulins, immunoglobulins 
including poly- and mono clonal antibodies, anti- 
genes, protein A, protein G, lectins, glycoproteins 
such as ovomucoids, and biotin binding proteins e. 
g. avidin and streptavidin; and 

other materials used as active substance provided they 
can conglomerate the density controlling basic particles. 

"Activation or Derivatization of Conglomerating Agents" 

In cases where the conglomerating agent may not 
have the properties to function as an active substance, 
the conglomerating agent may be derivatized to function 
as one or more active substances by procedures of ac- 
tivation or derivatisation well known perse. Thus, ma- 
terials comprising hydroxyl, amino, amide, carboxyl or 
thiol groups may be activated or derivatized using vari- 
ous activating chemicals, e.g. chemicals such as cya- 
nogen bromide, divinyl sulfone, epichlorohydrine, bise- 
poxyranes, dibromopropanol, glutaric dialdehyde, car- 
bod iimides, anhydrides, hydrazines, periodates, benzo- 
quinones, triazines, tosylates, tresylates, and diazo- 
nium ions. 

(e) Illustration of Chromatographic Adsorbent Particles 

Fig. 1A shows a 40X amplified photograph of as- 
pherical chromatographic adsorbent particles 1 0 having 
1 -2 mm of diameter and being prepared by distibuting 
unicellar glass microspheres 11 in conglomerating aga- 
rose 1 2 according to Example 1(a). 

Fig. 1 B shows a 40X amplified photograph of se- 
lected spherical chromatographic adsorbent particles 
also prepared according to Example 1 (a). 

(f) Fluid Bed Reactors 
"C Reactor" 

Fig. 2 illustrates a cross section of a preferred em- 
bodiment of a fluid bed reactor 20 composed of a outer 
cylinder 21, a top lid 22 with inlet 221 and connection 
for a stirrer 222, and a bottom lid 23 with outlet 231 . Fur- 
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ther, an inner cylinder 24 having holes and mounted on 
a support 25 attached to support blocks 251 and 252 
allowing passage of the fluid. Stirring is performed at a 
suitable rate of rotation within the inner cylinder 24 to 
s assure a sharp lower boundary 26 of the fluid bed chro- 
matographic adsorbent particles. Without stirring, the 
bed of light conglomerates float against the top lid 22 
and have a lower boundary 27. 

10 "T reactor" 

Fig. 3 illustrates a cross section of another preferred 
embodiment of a fluid bed reactor 30 similar to the re- 
actor illustrated in Fig.2 except that the inner cylinder 24 

is js replaced by an inverse funnel 34 having an upper out- 
let 341 and supported by a support cylinder 35 that is 
open upwards. Chromatographic adsorbent particles 
arriving below the funnel in the turbulens free volume 
will rise up through the upper outlet 341 while fluid flow 

20 down through the outlet 231 . The stirrer is placed right 
below the surface 36 and stirring is performed at a suit- 
able rate of rotation to provide a sharp lower boundary 
37 of the chromatographic adsorbent particles. Without 
stirring, the bed of light chromatographic adsorbent par- 

2S tides have a lower boundary 38. 

■Controlled Fluid Distribution in Fluid Bed Reactors" 

Fig. 4A and 4B show perspective sketches of a pre- 
30 ferred embodiment of a down flow fluid bed reactor 40. 
A dc-motor 41 controlled by a variable speed control 
42 provides revolutions of a stirrer 43, which in a turbu- 
lent zone A agitates the fluid bed particles to generate 
a turbulent flow of the fluid flowing down-ward. 
35 A sharp interface (generally of few particle diame- 
ters) is reached at the non -turbulent zone B in which the 
particles are stationary and an even and smooth distri- 
bution of the fluid is obtained. 

In order to adapt the conditions of agitation the 
40 length of the fluid bed column can be changed by means 
of interchangeable chromatographic tubes 45. 

(A) "Down-Flow Fluid Bed Reactor" 

45 Fig. 5 shows a longitudinal section of a segment of 
a down-flow fluid bed reactor 50 comprising a vertical 
cylinder 54 and a fluid bed A,B,C of particles 51 ,52,53 
suspended in a down-flow fluidizing fluid 56 let in 
through an inlet at the top of the reactor vessel, the par- 
se tides 51,52,53 having a specific gravity less than that 
of the fluid. A gas head 57 is above the surface along 
the line VIA-VIA. 

The upper part of the fluid bed is agitated by a plate 
formed mechanical stirrer 55 dividing the bed into a tur- 
ss bulent zone A, a non-turbulent zone B, and an exit zone 
C. 

In the turbulent zone A, the agitated fluid bed parti- 
cles 51 move vigorously which generates a turbulent 
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flow of the fluid. The turbulence decreases down the tur- 
bulent zone A. A sharp interface VIC-VIC is reached at 
the non-turbulent zone B in which the particles 52 are 
in a stationary fluidized state. Across the interface VIC- 
VIC, the fluid flow is distributed evenly, and a smooth 
fluid flow is obtained in the non-turbulent zone B. 

In the exit zone C, the pooled reacted and/or unre- 
acted fluid 57 leave the fluid bed at an interface VID- 
VtD, where particles 53 can become separated from the 
fluid bed by the fluid flow. 

Figs. 6A-6C show cross sections of the mixing zone 
A along the lines VIB-ViB, VIC-VIC, and VID-VID, re- 
spectively, of the Fig. 5. Thus, Fig. 6A shows a cross 
section of essentially randomly moving particles 51 , and 
Fig. 6B & 6C show cross sections of essentially station- 
ary fluidized particles 52 and 53. 

Fig. 6D shows a cross section, along the line VI E- 
VIE, essentially without particles. 

5. EXAMPLES 

All solutions employed in the following examples 
are aqueous solutions unless otherwise indicated. 

EXAMPLE 1 

Preparation of conglomerates for chromatographic 
adsorbent particles according to the invention based on 
3M's unicellarglass microspheres "Glass Bubbles", 
B28/750, C1 5/250, and E22/400, [soda-lime-borostli- 
cate] having a mean density of 0.28 g/cm 3 , 0.15 g/cm 3 , 
and 0.22 g/cm 3 , respectively. 

(a) Low Density Agarose Hollow Glass Spheres 
Conglomerated Particles 

300 ml soya bean oil was heated together with 3 ml 
sorbitane sesquiolate to 60°C. 5 ml 6% agarose (HSA, 
Litex) in water was heated and 0.5 g hollow glass 
spheres (3 M, B28/750) having a mean density of 0.28 
g/cm 3 were added under stirring. Following mixing of the 
agarose and glass microspheres the suspension was 
added to the soya bean oil under heavily stirring. The 
emulsion formed was stirred at about 60°C in five min- 
utes and cooled to 20°C. The solidified agarose parti- 
cles containing basic particles of hollow glass spheres 
were washed on a sintred glass filter with sufficient ether 
until all soya bean oil was removed. The conglomerate 
was then washed with water. The conglomerate had a 
low density and was floating on water. 

(b) Low Density Agarose Hollow Glass Sphere 
Conglomerated Block Polymer Particles 

300 ml 4% agarose was prepared by heating 12 g 
agarose (HSA, Litex) in 300 ml water. 9 g hollow glass 
spheres (C1 5/250, 3M) was added and the mixture was 
stirred until a homogeneous suspension was obtained. 
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The suspension was cooled to 60° C under steadily stir- 
ring and the fluid suspension poured on to an efficiently 
cooled surface. The agarose glass sphere suspension 
was gelated over a short period. The gel block had a 
5 homogeneous distributed content of hollow glass 
spheres. After cooling the gel block was blended and 
the granulate was sorted according to size and flow abil- 
ity by means of 'reverse sedimentation - . 

10 (c) Low Density Gelatin Hollow Glass Sphere 
Conglomerated Particles (not according to the 
invention) - Illustration of Density Control 

Five samples of 100 ml 5% gelatin (35°C) in 0.15 
15 M sodium chloride were added hollow glass spheres 
(E22/400, 3M) in increasing amounts: 



A: 


og 


B: 


2g 


C: 


5g 


D: 


20 g 


E: 


27 g 



After adjustment of pH to 5.5 all samples were add- 
25 ed 2.0 ml glutaric dialdehyde (25% solution, cat.no.: 
820603, Merck) under thorough stirring. After 24 hours 
of incubation at room temperature the polymerized ma- 
trices were disintegrated in a blender. The resulting par- 
ticles were separated from fines by reverse sedimenta- 
30 tion (for A by sedimention as these particles were not 
floating). The particles were then collected on a glass 
filter and drained for excess water by vacuum suction 
on the glass filter. The wet but drained particles were 
then weighed and the particle volume determined by 
35 adding a known amount of liquid followed by determina- 
tion of the total volume. The following particle densities 
were obtained: 



Measured Density: 


Calculated Density. 


A: 


1 .0 g/ml 


1.00 g/ml 


B: 


0.9 g/ml 


0.93 g/ml 


C: 


0.8 g/ml 


0.85 g/ml 


D: 


0.6 g/ml 


0.63 g/ml 


E: 


0.5 g/ml 


0.57 g/ml 



(d) Low Density Gelatin Hollow Glass Sphere 
Conglomerated Particles, and Immobilization of Horse- 
Radish Peroxidase (not according to the invention) • 
50 Illustration of Size Range Control 

1 g of horse-radish peroxidase (grade II, Kem-En- 
Tec, Denmark) was dissolved in a solution of 100 ml 
10% gelatin (cat.no.: G-2500, Sigma) and 0.5 M sodium 
55 chloride (35 D C). 10 g hollow glass spheres (B28/750, 
3M) were added under stirring. After adjustment of pH 
to 5.5, 2 ml glutaric dialdehyde (25% solution, cat.no.: 
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820603, Merck) was added with thorough stirring. The 
resulting gel was incubated at room temperature for 2 
hours and then disintegrated in a blender The floating 
particles were separated from fines and non-floating 
particles by inverse sedimentation. The yield of wet, 
packed particles was approx. 120 ml. The size range 
was determined to be from about 200 to about 500 u.m 
in diameter 

(e) Low Density Agar-Gelatin Glass Sphere 
Conglomerated Particles I 

2 g agar (Bacto-agar, Difco), and 3 g gelatin (cat. 
no.: G-2500, Sigma) was dissolved in 100 ml 0.15 M 
sodium chloride by brief heating to the boiling point. Af- 
ter cooling to about 56 °C 10 g hollow glass beads 
(B28/750, 3M) were added. pH was adjusted to 4.0 with 
5 M acetic acid followed by the addition of 2 ml glutaric 
dialdehyde (25% solution, Cat. No. 820603, Merck) with 
thorough stirring. The resulting polymer block was 
cooled to room temperature and incubated for 24 hours 
followed by disintegration in a blender. 

Floating particles were separated from fines and 
non-floating particles by inverse sedimentation followed 
by collection of the floating particles on a glass filter The 
yield of floating conglomerate particles was 95 ml 
packed wet particles. 

(f) Low Density Agar-Gelatin Glass Sphere 
Conglomerated Particles II 

2 g agar (Bacto-agar, Gibco) and 3 g gelatin (cat. 
no.: G-2500, Sigma) was dissolved in 100 ml 0.15 M 
sodium chloride by brief heating to the boiling point. Af- 
ter cooling to about 56 °C 10 g hollow glass beads 
(B28/750, 3M) were added. The suspension was then 
cooled by pouring it onto an ice-cold glassplate. The re- 
sulting gel block was incubated for 24 hours at 4 °C fol- 
lowed by disintegration by blending in ice-water The 
conglomerate floating gel-particles were separated from 
non-floating particles by inverse sedimentation and then 
collected on a glass filter. The yield was 105 ml of 
packed, wet particles. 

The particles were then suspended in 200 ml 0.1 M 
potassium phosphate buffer pH 6.5 and crosslinked for 
two hours by addition of 10 ml glutaric dialdehyde (25% 
solution, 820603, Merck). 

(g) Low Density Chitosan Glass Sphere Conglomerated 
Particles 

A 4% solution of chitosan (Cat. No.: 22741, Fluka) 
was prepared by heating 12 g chitosan in 300 ml 10% 
v/v acetic acid. The viscous solution was cooled to about 
40 °C followed by addition of 20 g hollow glass beads 
(B28/750, 3M). 3 ml glutaric dialdehyde was added 
(25% solution, 820603, Merck) with thorough stirring. 
The resulting polymer block was incubated for 24 hours 



at room temperature followed by disintegration in a 
blender. 

The conglomerate floating gel-particles were sepa- 
rated from non-floating particles by inverse sedimenta- 
5 tion in 0.1 M sodium chloride and then collected on a 
glass filter The yield was 400 mi of packed, wet particles 
with a diameter from about 200 u,m to about 800 um 

EXAMPLE 2 

10 

Chemical Derivatisation of Low Density Agarose Glass 
Sphere Conglomerated Particles Prepared According to 
Example 1 (a)(b) 

is 10 g (dried, wet weight) agarose conglomerate 
spheres containing hollow glass spheres from Example 
1 W ere suspended in 100 ml 0.5 M potassiumphos- 
phate/sodiumhydroxide pH 11.4. 10 ml divinyl sulfon og 
50 mg sodium borohydrid were added under stirring. The 

20 suspension was stirred at room temperature for three 
hours and the spheres were washed with water on a 
glass filter The spheres were then activated chemically 
(i.e. a method out of many possibilities) and were ready 
for coupling of other substances. As an example mer- 

25 captoethanol was coupled for salt-dependent chromat- 
opgraphy: The spheres were reacted with 5% mercap- 
toethanol in water that had been titrated to pH 9.5 with 
1 M sodiumhydroxide for 3 hours at room temperature. 
The spheres were then washed thoroughly with 

30 destilled water and were ready to be used as chroma- 
tographic adsorbent particles in purification of proteins 
using salt-dependent chromatopgraphy. 

EXAMPLE 3 

35 

Purification of Human Immunoglobulin from Untreated 
Blood Using Chromatographic Adsorbent Particles 
Prepared According to Example 2 

40 100 g (dried, wet weight) divinylsulfon and mercap- 
toethanol treated agarose conglomerate spheres equil- 
ibrated with and suspended in 50 ml 0.75 M ammoni- 
umsulphate were placed in a cylindrical glass column 
with an inner diameter of 5 cm and length of 1 0 cm. The 

45 glass column was sealed at the top and bottom using 
unscrewing plastic caps. The bottom lit had an outlet 
with a tube piping in the middle while the top lit had a 
corresponding inlet and a mechanical stirrer. The me- 
chanical stirrer provides stirring through a air tight collar 

bo for stirring the conglomerate spheres contained in the 
column. The stirring propeller was designed to avoid flu- 
id flow that carries the agarose conglomerate spheres 
down to the outlet in the bottom column. 2 I unfiltrated 
and not centrifugated human blood (i.e. outdated blood 

55 from a blood bank) having been added ammoniumsul- 
phate to a final concentration of 0.75 M is lead through 
the column from the top with a flow of 10 ml/min under 
stirring with the abovementioned stirrer (i.e. to avoid the 
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formation of channels through the fluid bed). 2000 ml of 
0,75 M ammoniumsulphate was added at the same flow 
rate for washing non-bound proteins and particulates. 
Finally, the bound proteins were eluted from the con- 
glomerate spheres by leading 500 ml of 0.1 M sodium 
chloride through the column. 

About 5 g human immunoglobulin was eluted in the 
sodium chloride fraction. Qualitative analysis showed a 
high purity of immunoglobulin having a very small con- 
tamination of albumin (< 1%). 

A corresponding purification of immunoglobulins 
with divinylsulfon and mercaptoethanol treated agarose 
spheres without hollow glass spheres was not possible 
in a traditionally packed column because of clogging of 
the column by the red blood cells and other sticky ma- 
terials in blood plasma. 

EXAMPLE 4 

Immunosorption Using Chromatographic Adsorbent 
Particles Prepared According to Example 2 

Agarose conglomerate spheres containing 4% aga- 
rose and produced as described in Example 1 were ac- 
tivated with divinylsulfon as described in Example 2. 

10 g (drained, wet weight) activated gel was cou- 
pled to rabbit immunoglobulin by incubation of the gel 
over night with 20 ml rabbit immunoglobulin solution (10 
mg immunoglobulin/ml in 0.1 M sodiumhydrogencar- 
bonate/sodium-hydroxide buffer, pH 8.6 and 5% w/v pol- 
yethylenglycol MW 20,000). Excess active groups were 
blocked by incubation of the gel with 0.5 M eth- 
anolamine/HCl, pH 9.0 for three hours. The gel was cou- 
pled with more than 80% of the added rabbit immu- 
noglobulin. 

The floating conglomerate spheres having rabbit 
immunoglobulin attached could then be applied in an 
apparatus corresponding to the one in Example 3 for 
adsorption of anti-bodies against rabbit immunoglobulin 
from untreated serum of previously pure rabbit immu- 
noglobulin immunized goats. The separated antibody 
was of a purity and activity corresponding to that ob- 
tained with conventionally packed columns using fil- 
tered and centrif uged antiserum. 

EXAMPLE 5 

Immobilised Enzyme. Immobilization of Glucose 
Oxidase on Chromatographic Adsorbent Particles 
Prepared According to Example 2 

10 g divinylsulfon activated agarose conglomerate 
spheres from Example 2 were mixed with 20 ml of a so- 
lution of glucose oxidase from Aspergillus niger (10 mg/ 
ml in 1 M potassiumhydrogenphosphate/sodiumhydrox- 
ide buffer, pH 10.5). The mixture was left for three hours 
and the uncoupled glucose oxidase was washed out of 
the spheres by 1 M sodium chloride. 



The enzyme coupled conglomerate spheres 
showed glucose oxydase activity with glucose as a sub- 
strate. The development of hydrogen peroxide was de- 
tected as a brown colouring of the gel and solution by 
5 coupling the reaction with peroxidase (horse-radish per- 
oxidase) oxidation of orthophenylen diamine. 

EXAMPLE 6 

10 Chromatographic Adsorbent Particles Comprising 
Immobilized N-acetylglucosamine for the Separation of 
Wheat Germ Agglutinin. 

Conglomerate spheres containing 4% agarose and 
is produced as described in Example 1 (b) were activated 
with divinyl sutfon as described in Example 2. 10 g 
(dried, wet weight) of the activated gel was coupled to 
N-acetylglucosamine by incubating the gel over night 
with 20 ml 0.5 M potasstum-phosphate/sodiumhydrox- 
20 ide buffer pH 11.5 containing 50 mg N-acetylgly- 
cosamine per ml. Following incubation the excess of ac- 
tive vinyl groups were blocked by 5% mercaptoethanol 
titrated to pH 9.5 by sodium hydroxide. The gel was 
washed thoroughly with 1 M sodium chloride. The bind- 
25 jng capacity for wheat germ agglutinin was larger than 
10 mg lectin per ml gel. 

EXAMPLE 7 

30 High Density Gelatin Solid Glass Sphere 

Conglomerated Particles (not according to the 
invention) - Illustration of Density Control 

Four samples of 100 ml 5% gelatin in 0. 15 M sodium 
35 chloride (35°C) were added solid glass spheres (0.075- . 
15 mm, Fryma, Switzerland) with a density of 2.5 g/ml 
in increasing amounts: 

A: 10 g 
40 B: 50 g 
C: 100 g 
D: 200 g 

After adjustment of pH to 5.5 all samples were add- 
45 ed 2.0 ml glutaric dialdehyde (25% solution, Cat. No.: 
820603, Merck) under thorough stirring. After 24 hours 
of incubation at room temperature the polymerized ma- 
trices were disintegrated in a blender. The resulting par- 
ticles were separated from fines by sedimentation. The 
so particles were then collected on a glass filter and 
drained for excess water by vacuum suction on the glass 
filter. The wet but drained particles were then weighed 
and the particle volume determined by adding a known 
amount of liquid followed by determination of the total 
ss volume. The following particle densities were obtained: 
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Measured Density: 


Calculated Density: 


A: 


1.1 g/ml 


1 .06 g/ml 


B: 


1.3 g/ml 


1 .25 g/ml 


C: 


1.5 g/ml 


1 .43 g/ml 


D: 


1.7 g/ml 


1.67 g/ml 



Claims 

1 . Chromatographic adsorbent particles having cova- 
lently bound at least one active substance for bind- 
ing molecules in a liquid chromatographic fluid bed 
process; 

said adsorbent particles being constituted by a po- 
rous composite material having pores allowing ac- 
cess to the interior of the composite material of said 
molecules; 

CHARACTERIZED in 

(a) that the porous composite material consists 
of a conglomerate having controlled relative 
density; said conglomerate consisting of: 

(i) at least two density controlling basic par- 
ticles of amorphous silica, quartz, or glass 
selected from the group consisting of low 
density particles having a density providing 
floatation and high density particles having 
a density providing sedimentation of the 
conglomerate in said liquid; and 

(ii) a matrix formed by consolidating at least 
one conglomerating agent selected from 
the group consisting of natural and synthet- 
ic polysaccharides and other carbohydrate 
based polymers; 

said at least two density controlling basic parti- 
cles being dispersed in said matrix; 

(b) that the size range of the adsorbent particles 
is controlled; 

(c) that said density and said size range are se- 
lected to provide desired floatation/sedimenta- 
tion properties of said adsorbent particles in the 
liquid in said fluid bed process; and 

(d) that the at least one active substance is cov- 
alently bound to said matrix. 

2. Particles according to claim 1 , CHARACTERIZED 
in that said basic particles are impermeable to the 
fluid. 

3. Particles according to any one of claims 1 or 2, 
CHARACTERIZED in that the low density basic par- 
ticles are hollow. 

4. Particles according to any one of claims 1 or 2, 



CHARACTERIZED in that the high density basic 
particles are solid. 

5. Particles according to any one of claims 1-4, CHAR- 
5 ACTERIZED in that the basic particles constitute 

from 1 to 95 %, generally from 1 .5 to 75 %, partic- 
ularly from 5 to 50 %, preferably from 5 to 40 %, and 
most preferably from 5 to 30 %, by volume of the 
conglomerate. 

10 

6. Particles according to any one of claims 1-5, CHAR- 
ACTERIZED in that the low density basic particles 
consist of hollow particles, or unicellar glass micro 
spheres. 

75 

7. Particles according to any one of claims 1 -5, C H AR- 
ACTERIZED in that the high density basic particles 
consist of glass particles, preferably glass micro 
spheres. 

20 

8. Particles according to any one of claims 1 -7, CHAR- 
ACTERIZED in that the natural and synthetic 
polysaccharides and other carbohydrate based pol- 
ymers are selected fror^ the group consisting of: 

25 

a) agar, alginate, carrageenan, guar gum, gum 
arabic, gum ghatti, gum tragacanth, karaya 
gum, locust bean gum, xanthan gum, agar- 
oses, celluloses, pectins, mucins, dextrans, 

30 starches, heparins, chitosans, hydroxy starch- 

es, hydroxypropyl starches, carboxymethyl 
starches, hydroxyethyl celluloses, hydroxypro- 
pyl celluloses, and carboxymethyl celluloses; 
and 

35 

b) mixtures of these. 

9. Particles according to any one of claims 1-8, CHAR- 
ACTERIZED in that the natural and synthetic 

40 polysaccharides and other carbohydrate based pol- 
ymers are agarose. 

10. Particles according to any one of claims 1-9, CHAR- 
ACTERIZED in that the active substance comprises 

45 a material or mixtures of materials selected from the 
group consisting of: 

organic and inorganic compounds or ions, 
non-metallic elements, and organic polymers of bi- 
ological and synthetic origin. 

so 

11. Particles according to any one of claims 1-10, 
CHARACTERIZED in that the active substance 
comprises a member selected from the group con- 
sisting of: 

55 

ligands known perse in the field of chromatog- 
raphy e.g. charged species i.a. for ion xhange 
chromatography, proteins, dyes, enzyme inhib- 
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itors, specific ligands for specific proteins e.g. 
biotin for purification of avidin and other biotin 
binding proteins, carbohydrates for purification 
of lectins or glycosidases, protein A, chelates 
e.g. iminodiacetic acid, amino acids e.g. ar- -5 
ginine, lysine, and histidine, sulfated polymers 
including e.g. heparins, benzhydroxamic acid, 
hydrophobic ligands e.g. hydrocarbon groups 
such as phenyl, thiophilic ligands i.e. divinyl sul- 
fone activated substances coupled with mer- '0 
captoethanol, 4-hydroxy -pyridine, 3-hydroxy- 
pyridine, or 2-hydroxy-pyridine; 

natural and synthetic polynucleotides and nu- 
cleic acids, including DNA, RNA, poly-A, poly- ^ 
G, poly-U, poly-C and poIy-T; 

natural and synthetic polysaccharides and oth- 
er carbohydrate based polymers, including 
agar, alginate, carrageenan, guar gum, gum ar- 20 
abic, gum ghatti, gum tragacanth, karaya gum, 
locust bean gum, xanthan gum, agaroses, cel- 
luloses, pectins, mucins, dextrans, starches 
and heparins; 

25 

natural and synthetic peptides and polypep- 
tides and other amino acid based polymers, in- 
cluding gelatins, albumins, hemoglobulins, im- 
munoglobulins including poly- and mono clonal 
antibodies, antigenes, protein G, lectins, glyc- 30 
oproteins such as ovomucoids, biotin binding 
proteins e.g. avidin and streptavidin, enzymes 
e.g. proteases, and protease inhibitors; and 

mixtures of these. 35 

12. Particles according to any one of claims 1-11, 
CHARACTERIZED in that the active substance is 
covalently bound to the adsorbent particles by 
means of activation or derivatisation agents act i vat- *o 
ing or derivatizing the conglomerating agent, or the 
conglomerate particles. 

1 3. Particles according to claim 1 2, CHARACTERIZED 

in that the activation or derivatisation agents are se- 45 
lected from a group consisting of: 

cyanogen bromide, divinyl sulfone, epichloro- 
hydrine, bisepoxyranes, dibromopropanol, glutaric 
dialdehyde, carbodiimides, anhydrides, hydra- 
zines, periodates, benzoquinones, triazines, to- 50 
sylates, tresylates, and diazonium ions. 

14. Particles according to any one of claims 1-13, 
CHARACTERIZED in that the relative density is 
from 0.1 to 15, particularly from 0.1 to 5, and pref- $5 
erably from 0.2 to 2. 

15. Particles according to any one of claims 1-13, 



CHARACTERIZED in that the relative density is 
from 1 to 15, particularly from 1.1 to 5, and pr f er- 
ably from 1.1 to 2. 

16. Particles according to any one of claims 1-13, 
CHARACTERIZED in that the relative density is 
from 0. 1 to 1 , generally from 0.2 to 0.95, particularly 
from 0.3 to 0.8, and preferably from 0.5 to 0.75. 

17. Particles according to any one of claims 1-16, 
CHARACTERIZED in that their size is within a 
range selected from the group consisting of: 

1-10000 jam, 
1 -5000 u.m, 
1 -4000 fim, 
1 -3000 um 
1 -2000 u.m, 
1-1000 um 
50-500 um 

18. Particles according to claim 17, particularly for pu- 
rification and binding proteins and other high mo- 
lecular weight substances, CHARACTERIZED in 
that their size is within a range selected from the 
groups consisting of: 

1 -2000 um 
10-1000 um 
50-750 um 

100-500 jim, most preferred. 

19. A method of preparing chromatographic adsorbent 
particles as defined in any one of claims 1-18, 
CHARACTERIZED by 

a) mixing basic particles selected from the 
group consisting of low density particles having 
a density providing floatation, and high density 
particles having a density providing sedimenta- 
tion of the conglomerate in the liquid, said basic 
particles being made of amorphous silica, 
quartz, or glass 

with at least one conglomerating agent se- 
lected from the group consisting of natural 
and synthetic polysaccharides and other 
carbohydrate-based polymers as defined 
in claim 8 

and optionally heating said mixture; 

b) emulsifying said mixture in a suitable sol- 
vent; 

c) consolidating said conglomerating agent by 
a suitable means such as gelation by heating/ 
cooling, polymerisation of monomer or mono- 
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mer mixtures, and norvcovaient or covalent 
cross-bonding; and 

d) isolating and washing the consolidated con- 
glomerate particles. 

20. A method according to claim 19, CHARACTER- 
IZED in that the isolated and washed conglomerate 
particles are sorted according to size and flow abil- 
ity. 

21. A method according to claim 19 or 20, CHARAC- 
TERIZED in that the conglomerating agent or the 
conglomerate particles are activated or derivatized. 

22. A method of preparing chromatographic adsorbent 
particles as defined in any one of claims 1-18, 
CHARACTERIZED by 

a) mixing basic particles selected from the 
group consisting of low density particles having 
a density providing floatation, and high density 
particles having a density providing sedimenta- 
tion of the conglomerate in the liquid, said par- 
tides being made of amorphous silica, quartz, 
or glass 

with at least one conglomerating agent se- 
lected from the group consisting of natural 
and synthetic polysaccharides and other 
carbohydrate-based polymers as defined 
in claim 8 

and optionally heating said mixture; 

b) consolidating said conglomerating agent by 
a suitable means such as gelation by heating/ 
cooling, polymerisation of monomer or mono- 
mer mixtures, and non-covalent or covalent 
cross -bonding; 

c) disintegrating the block of conglomerate; 

d) segregating and washing the conglomerate 
particles. 

23. A method according to claim 22, CHARACTER- 
IZED in that the segregated and washed conglom- 
erate particles are sorted according to size and flow 
ability. 

24. A method according to claim 22 or 23, CHARAC- 
TERIZED in that the conglomerating agent or the 
conglomerate particles are activated or derivatized. 

25. The use of chromatographic adsorbent particles ac- 
cording to any one of claims 1-18 as a solid phase 
matrix in a fluid bed reactor. 



26. The use according to claim 25 in a procedure se- 
lected from a group consisting of: 

chromatographic procedures applying non- 
packed columns including liquid chromatography, 
5 ion-exchange chromatography, and biospecific af- 
finity chromatography such as immunosorption and 
protein A chromatography, and group specific affin- 
ity chromatography such as hydrophobic, thiophilic, 
dye, lectin, and metal chelate chromatography. 

10 

27. The use according to claim 25 or 26, CHARACTER- 
IZED in that the fluid bed reactor is a liquid down- 
flow fluid bed reactor comprising a vertical reactor 
vessel with an inlet, an outlet, a fluid bed of said 

1$ chromatographic adsorbent particles, and agitation 
means; said agitation means being located near or 
in the fluid bed proximal to the liquid inlet. 

28. The use according to claim 27 for distributing the 
20 liquid in the fluid bed, CHARACTERIZED in 

a) that the chromatographic adsorbent particles 
and liquid proximal to the liquid inlet are agitat- 
ed to divide the fluid bed into 

25 

i) a turbulent zone having vigorously mov- 
ing particles, and 

ii) a non-turbulent zone; 

30 

said non-turbulent zone adjoining said turbu- 
lent zone; and 

b) that the extent of said turbulent zone is de- 
35 termined by a degree of agitation selected with- 
in a range from 

i) a degree of agitation providing turbu- 
lence only in the uppermost part of the fluid 

40 bed, 

ii) to a degree of agitation providing turbu- 
lence of the particles throughout the fluid 
bed. 

45 

29. The use according to claim 25 or 26, CHARACTER- 
IZED in that the fluid bed reactor is a liquid up-flow 
fluid bed reactor comprising a vertical reactor ves- 
sel with an inlet, an outlet, a fluid bed of said chro- 

50 matographic adsorbent particles, and agitation 
means; said agitation means being located near or 
in the fluid bed proximal to the liquid inlet. 

30. The use according to claim 29 for distributing the 
55 liquid in the fluid bed, CHARACTERIZED in 

a) that the chromatographic adsorbent particles 
and liquid proximal to the liquid inlet are agitat- 
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ed to divide the fluid bed into 

i) a turbulent zone having vigorously mov- 
ing particles, and 

ii) a non-turbulent zone; 

said non-turbulent zone adjoining said turbu- 
lent zone; and 

b) that the extent of said turbulent zone is de- 
termined by a degree of agitation selected with- 
in a range from 

i) a degree of agitation providing turbu- 
lence only in the lower-most part of the fluid 
bed, 

ii) to a degree of agitation providing turbu- 
lence of the particles throughout the fluid 
bed. 



Patentanspruche 

1. Adsorptionsteilchen fur Chromatpgraphie mit min- 
d es tens einer kovalent gebundenen aktiven Sub- 
stanz zum Binden von Molekulen in einem Flussig- 
chromatographie-FlieGbettverfahren; 
wobei die Adsorptionsteilchen aus einem porosen 
Verbundmaterial mit Poren aufgebaut sind, die Zu- 
gang der Molekule zu dem Inneren des Verbund- 
materials zulassen; 
dadurch gekennzeichnet, daG 

a) das porose Verbundmaterial aus einem Kon- 
glomerat mit einer gesteuerten relativen Dichte 
besteht und das Konglomerat aus: 

(i) mindestens zwei dichtesteuemden 
Grundteilchen aus amorphem Siliziumdi- 
oxid, Quarz oder Glas, ausgewahlt aus der 
Gruppe, die aus Teilchen mit niedriger 
Dichte mit einer Dichte, die ein Schwim- 
men bereitstellt, und Teilchen mit hoher 
Dichte mit einer Dichte, die eine Sedimen- 
tation des Konglomerats in der Flussigkeit 
bereitstellt, besteht; und 

(ii) einer Matrix, die durch sich Verfestigen 
von mindestens einem Konglomerations- 
mittel gebildet ist, das aus der Gruppe aus- 
gewahlt ist, die aus naturtichen und synthe- 
tischen Polysacchariden und anderen Po- 
lymeren auf Kohlenhydratbasis besteht, 

besteht, wobei die mindestens zwei dichtesteu- 
emden Grundteilchen in der Matrix dispergiert 
sind; 
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(b) der GroGenbereich der Adsorptionsteilchen 
gesteuert ist; 

(c) die Dichte und der GroGenbereich so aus- 
gewahlt sind, daG erwunschte Schwimm-/Sedi- 
mentationseigenschaften der Adsorptionsteil- 
chen in der Flussigkeit in dem FlieGbettverfah- 
ren bereitgestellt werden; und 

(d) die mindestens eine aktive Substanz kova- 
lent an die Matrix gebunden ist. 

Teilchen nach Anspruch 1, 
dadurch gekennzeichnet, daG 

die Grundteilchen fur die Flussigkeit undurchdring- 
lich sind. 

Teilchen nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daG 

die Grundteilchen mit niedriger Dichte hohl sind. 



4. Teilchen nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daG 

die Grundteilchen mit hoher Dichte massiv sind. 

5. Teilchen nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daG 

die Grundteilchen 1 bis 95 Vol.-%, allgemein 1 ,5 bis 
75 Vol.%, insbesondere 5 bis 50 VoL-%, bevorzugt 
5 bis 40 Vol.-% und am bevorzugtesten 5 bis 30 
Vol.-% des Konglomerats darstellen. 

6. Teilchen nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, daG 

die Grundteilchen mit niedriger Dichte aus hohlen 
Teilchen oder einzelligen Mikroglaskugeln beste- 
hen. 

7. Teilchen nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, daG 

die Grundteilchen mit hoher Dichte aus Glasteil- 
chen, bevorzugt Mikroglaskugeln bestehen. 

8. Teilchen nach einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet, daG 

die naturlichen und synthetischen Polysaccharide 
und anderen Polymere auf Kohlenhydratbasis aus 
der Gruppe ausgewahlt sind, die aus: 

a) Agar, Alginat, Karrageen, Guar Gum, Gum- 
miarabikum, Ghatti Gum, Traganth-Gummi, 
Karaya-Gummi, Johannisbrot-Gum, Xanthan- 
losung, Agarosen, Cellulosen, Pektinen, Muci- 
nen, Dextranen, Starken, Heparinen, Chitosa- 
nen, Hydroxy-Starken, Hydroxypropyl-Star- 
ken, Carboxymethyl-Starken, Hydroxyethyl- 
Cellulosen, Hydroxypropyl-Cellulosen und 
Carboxymethyl-Cellulosen; und 

b) Mischungen aus diesen besteht. 
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9. Teilchen nach einem der Anspruche 1 bis 8, 
dadurch g k nnz ichn t, daft 

die naturlichen und synthetischen Polysaccharide 
und anderen Polymere auf Kohlenhydratbasis Aga- 
rose sind. 

10. Teilchen nach einem der AnsprOche 1 bis 9, 
dadurch g k nnz ichn t, daft 

die aktive Substanz ein Material oder Mischungen 
aus Materialien umfaBt, die aus der Gruppe ausge- 
wahlt sind, die aus: 

organischen und anorganischen Verbindun- 
gen oder lonen, nichtmetallischen Elementen und 
organischen Polymeren von biologischem und syn- 
thetischem Ursprung besteht. 

11. Teilchen nach einem der Anspruche 1 bis 10, 
dadurch gekennzeichnet, daft 

die aktive Substanz einen Bestandteil umfaBt, der 
aus der Gruppe aus ge wan It ist, die aus: 

Liganden, die per se im Gebiet der Chromato- 
graphie bekannt sind, beispielsweise gelade- 
nen Spezies unter anderem fur lonenaus- 
tauschchromatographie, Proteinen, Farbstof- 
fen, Enzyminhibitoren, spezifischen Liganden 
fur spezifische Proteine, beispielsweise Biotin 
zur Reinigung von Avidin und anderen biotin- 
bindenden Proteinen, Kohlenhydraten zur Rei- 
nigung von Lektinen oderGlykosidasen, Prote- 
in A, Cheiaten, beispielsweise Iminodiessig- 
saure, Aminosauren, beispielsweise Arginin, 
Lysin und Histidin, sulfatisierten Polymeren, 
umfassend beispielsweise Heparine, Benzhy- 
droxamsaure, hydrophoben Liganden bei- 
spielsweise Kohlenwasserstoffgruppen wie 
Phenyl, thiophilen Liganden, d.h. mit Divinyl- 
sulfon aktivierten Substanzen, gekoppelt mit 
Mercaptoethanol, 4-Hydroxy-Pyridin, 3-Hydro- 
xy-Pyridin oder 2-Hydroxy-Pyridin; 

naturlichen und synthetischen Polynucleotiden 
und Nucleinsauren, umfassend DNA, RNA, po- 
ly-A, poly-G, poly-U, poly-C und poly-T; 

naturlichen und synthetischen Polysacchari- 
den und anderen Polymeren auf Kohlenhydrat- 
basis, umfassend Agar, Alginat, Karrageen, 
Guar Gum, Gummiarabikum, Ghatti Gum, Tra- 
ganth-Gummi, Karaya-Gummi, Johannisbrot- 
Gum, Xanthanldsung, Agarosen, Cellulosen, 
Pektinen, Mucinen, Dextranen, Starken und 
Heparinen; 

naturlichen und synthetischen Peptiden und 
Polypeptiden und and ren Polymeren auf Ami- 
nosaurebasis, umfassend Gelatinen, Albumi- 
ne, Hamoglobuline, Immunoglobuline, umfas- 



send poly- und monoklonale Antikdrper, Anti- 
genen, Protein G, Lektinen, Glycoprotein en wie 
beispielsweise Ovomucoide, biotinbindenden 
Proteinen, beispielsweise Avidin und Strepta- 
5 vidin, Enzymen, beispielsweise Proteasen und 

Proteaseinhibitoren; und 

Mischungen aus diesen besteht. 

10 12. Teilchen nach einem der Anspruche 1 bis 11, 
dadurch gekennzeichnet, daft 

die aktive Substanz uber Aktivierungs- oder Deriva- 
tisierungsmittel, die das Konglomerationsmittet 
oder die Konglomeratteilchen aktivieren oder deri- 
15 vatisieren, kovalent an die Adsorptionsteilchen ge- 
bunden ist. 

13. Teilchen nach Anspruch 12, 
dadurch gekennzeichnet, daft 

20 die Aktivierungs- oder Derivatisierungsmittel aus ei- 
ner Gruppe ausgewahlt sind, die aus: 

Cyanogenbromid, Divinylsulfon, Epichlorhy- 
drin, Bisepoxyranen, Dibrompropanol, Glutardial- 
dehyd, Carbodiimiden, Anhydriden, Hydrazinen, 

25 Perjodaten, Benzochinonen, Triazinen, Tosylaten, 
Tresylaten und Diazonium-lonen besteht. 

14. Teilchen nach einem der Anspruche 1 bis 1 3, 
dadurch gekennzeichnet, daft 

30 die relative Dichtevon0,1 bis 15, insbesondere von 
0,1 bis 5 und bevorzugt von 0,2 bis 2 ist. 

15. Teilchen nach einem der Anspruche 1 bis 13, 
dadurch gekennzeichnet, daft 

35 die relative Dichte von 1 bis 15, insbesondere von 
1,1 bis 5 und bevorzugt von 1,1 bis 2 ist. 

16. Teilchen nach einem der Anspruche 1 bis 13, 
dadurch gekennzeichnet, daft 

40 die relative Dichte von 0,1 bis 1 , allgemein von 0,2 
bis 0,95, insbesondere von 0,3 bis 0,8 und bevor- 
zugt von 0,5 bis 0,75 ist. 

17. Teilchen nach einem der Anspruche 1 bis 16, 
45 dadurch gekennzeichnet, daft 

ihre GrdGe in einem Bereich liegt, der aus der Grup- 
pe ausgewahlt ist, die aus: 

1 bis 10 000um 
so 1 bis 5 000 um 

1 bis 4 000 um 

1 bis 3 000 ujti, 

1 bis 2 000 uin, 

1 bis 1 000 ujn, 
55 50 bis 500 um 

besteht. 
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18. T ilchen nach Anspruch 17, insbesondere zur Rei- 
nigung und zum Binden von Proteinen und anderen 
Substanzen mit hohem Molekulargewicht, 
dadurch gek nnz ichn t, da (3 

ihre GroGe in einem Bereich liegt, der aus den 
Gruppen ausgewahlt ist, die aus: 

1 bis 2 000 u.m, 
10 bis 1 000 u-m, 
50 bis 750 |im, 

100 bis 500 um, am bevorzugtesten, 
bestehen. 

19. Verfahren zur Herstellung von Adsorptionsteitchen 
zur Chromatographie nach einem der Anspruche 1 
bis 18, geken n zeich net dure h 

a) das Vermischen von Grundteilchen, die aus 
der Gruppe ausgewahlt sind, die aus Teiichen 
mit niedriger Dichte mit einer Dichte, die ein 
Schwimmen bereitstetlt, und Teilchen.mithoher 
Dichte mit einer Dichte, die eine Sedimentation 
des Konglomerats in der Flussigkeit bereit- 
steilt, besteht, wobei die Grundteilchen aus 
amorphem Siliziumdioxid, Quarz oder Glas 
hergestellt sind, mit mindestens einem Konglo- 
merationsmittel, das aus der Gruppe ausge- 
wahlt ist, die aus naturlichen und synthetischen 
Polysacchariden und anderen Polymeren auf 
Kohlenhydratbasis nach Anspruch 8 besteht, 
und gegebenenfalls Erhitzen der Mischung; 

b) Emulgieren der Mischung in einem geeigne- 
ten Losungsmittel; 

c) Verfestigen des Konglomerationsmittels 
durch ein geeignetes Mittel wie beispielsweise 
Gelierung durch Erhitzen/Abkuhlen, Polymeri- 
sation des Monomers Oder der Monomermi- 
schungen, und nicht-kovalentes oder kovalen- 
tes Verbinden; und 

d) Isolieren und Waschen der verfestigten Kon- 
glomeratte ilchen. 

20. Verfahren nach Anspruch 19, 
dadurch geken n zeich net, daft 

die isolierten und gewaschenen Konglomeratteil- 
chen nach GroGe und FlieGfahigkeit sortiert wer- 
den. 

21. Verfahren nach Anspruch 19 oder 20, 
dadurch geken nzeich not, daG 

das Konglomerationsmittel oder die Konglomerat- 
teilchen aktiviert oder derivatisiert werden. 

22. Verfahren zur Herstellung von Adsorptionsteilchen 



fur die Chromatographie nach einem der Anspru- 
che 1 bis 18, 
g k nnz ichn t durch 

5 a) das Vermischen von Grundteilchen, die aus 

der Gruppe ausgewahlt sind, die aus Teiichen 
mit niedriger Dichte mit einer Dichte, die ein 
Schwimmen bereitstellt, und Teiichen mit hoher 
Dichte mit einer Dichte, die eine Sedimentation 

to des Konglomerats in der Flussigkeit bereit- 

stellt, besteht, wobei die Teiichen aus amor- 
phem Siliziumdioxid, Quarz oder Glas herge- 
stellt sind, mit mindestens einem Konglomerat- 
ionsmittel, das aus der Gruppe ausgewahlt ist, 

*s die aus naturlichen und synthetischen Polysac- 

chariden und anderen Polymeren auf Kohlen- 
hydratbasis nach Anspruch 8 besteht, und ge- 
gebenenfalls Erhitzen der Mischung; 

20 b) Verfestigen des Konglomerationsmittels 

durch ein geeignetes Mittel wie beispielsweise 
Gelierung durch Erhitzen/Abkuhlen, Polymeri- 
sation des Monomers oder der Monomermi- 
schungen, und nicht-kovalentes oder kovalen- 

25 tes Verbinden; und 

c) Entmischen des Konglomeratblocks 

d) Segregation und Waschen der Konglomerat- 
30 teiichen. 

23. Verfahren nach Anspruch 22, 
dadurch gekennzelchnet, daft 

die segregierten und gewaschenen Konglomerat- 
35 teiichen nach GroGe und FlieBfahigkeit sortiert wer- 
den. 

24. Verfahren nach Anspruch 22 oder 23, 
dadurch gekennzelchnet, dafJ 

40 das Konglomerationsmittel oder die Konglomerat- 
teilchen aktiviert oder derivatisiert werden. 

25. Verwendung der Adsorptionsteilchen fur Chroma- 
tographie nach einem der Anspruche 1 bis 18 als 

4$ eine Festphasenmatrix in einem FlieGbettreaktor. 

26. Verwendung nach Anspruch 25 in einem Verfahren, 
das aus der Gruppe ausgewahlt ist, die aus: 

Chromatographieverfahren unter Anwen- 
50 dung von nicht-Fullkdrpersaulen, umfassend Flus- 
sigchromatographie, lonenaustauscher-Chromato- 
graphie und Chromatographie unter Ausnutzung 
der biospezifischen Affinitat wie beispielsweise Im- 
munosorption und Protein-A-Chromatographie, 
55 und Chromatographie unter Ausnutzung der grup- 
penspezifischen Affinitat wie beispielsweise hydro- 
phober, thiophiler, Farbstoff-, Lektin- und Metall- 
chelat-Chromatographie 
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besteht. 

27. Verwendung nach Anspruch 25 Oder 26, 
dadurch g k nnz ichn t, da (3 

der FlieGbettreaktor ein im HerabfluB betriebener 
Flussigkeits-FlieGbettreaktor ist, der ein vertikales 
ReaktorgefaG mit einem EinlaG, einem AustaG, ei- 
nem FlieGbett aus den Adsorptionsteitchen fur 
Chromatographie, und Ruhrmittel umfaGt, wobei 
sich die Ruhrmittel in der Nahe von oder in dem 
FlieGbett nahe bei dem FlussigkeitseinlaG befin- 
den. 

28. Verwendung nach Anspruch 27 zum Verteilen der 
Flussigkeit in dem FlieGbett, 

dadurch gekennzeichnet, da 5 

a) die Adsorptionsteilchen fur Chromatogra- 
phie und die Flussigkeit in der Nahe des Flus- 
sigkeitseinlasses geruhrt werden, wobei das 
FlieGbett in 

(i) eine turbulente Zone mit sich heftig be- 
wegenden Teilchen und 

(ii) eine nicht-turbulente Zone geteilt wird; 

wobei die nicht-turbulente Zone an die turbu- 
lente Zone angrenzt; und 

b) die Ausdehnung derturbulenten Zone durch 
den Grad des Ruhrens bestimmt wird, der in- 
nerhalb eines Bereichs von 

i) einem Ruhrgrad, der Turbulenz nur in 
dem obersten Teil des FlieRbetts bereit- 
stelit, 

ii) bis zu einem Ruhrgrad, der Turbulenz 
der Teilchen im gesamten FlieGbett bereit- 
stellt, 

ausgewahlt ist. 

29. Verwendung nach Anspruch 25 oder 26, 
dadurch gekennzeichnet, da 8 

der FlieGbettreaktor ein im HerauffluB betriebener 
Flussigkeits-FlieGbettreaktor ist, der ein vertikales 
ReaktorgefaG mit einem EinlaG, einem AuslaG, ei- 
nem FlieGbett aus den Adsorptionsteilchen fur 
Chromatographie, und Ruhrmittel umfaGt, wobei 
sich die Ruhrmittel in der Nahe von oder in dem 
FlieGbett nahe bei dem FlussigkeitseinlaG befin- 
den. 

30. Verwendung nach Anspruch 29 zum Verteilen der 
Flussigkeit in dem FlieGbett, 

dadurch g k nnz ichn t, da8 



a) die Adsorptionsteilchen fur Chromatogra- 
phie und die Flussigkeit in der Nahe des Flus- 
sigkeitseinlasses geruhrt werden, wobei das 
FlieGbett in 

5 

(i) eine turbulente Zone mit sich heftig be- 
wegenden Teilchen und 

(ii) eine nicht-turbulente Zone geteilt wird; 

w 

wobei die nicht-turbulente Zone an die turbu- 
lente Zone angrenzt; und 

b) die Ausdehnung der turbulenten Zone durch 
*5 den Grad des Ruhrens bestimmt wird, der in- 

nerhalb eines Bereichs von 

i) einem Ruhrgrad, der Turbulenz nur in 
dem untersten Teil des FlieGbetts bereit- 

20 stellt, 

ii) bis zu einem Ruhrgrad, der Turbulenz 
der Teilchen im gesamten FlieGbett bereit- 
stellt, 

25 

ausgewahlt ist. 
Revendications 

30 

1. Particules d'adsorbant chromatographique ayant 
au moins une substance active liee de facon cova- 
lente pour fixer des molecules dans un proced6 
chromatographique de liquidea lit fluidise ; lesdites 
35 particules d'adsorbant etant constitutes par une 
matiere composite poreuse ayant des pores lais- 
sant I'acces desdites molecules a I'inttrieur de la 
matiere composite ; caracteristes 

40 (a) en ce que la matiere composite poreuse est 

constitute d'un conglomerat ayant une density 
relative contrdlte ; ledit conglomerat etant 
constitut de : 

45 (j) au moins deux particules de base con- 

trdlant la density, desilice amorphe, quartz 
ou verre, choisies dans le groupe constitue* 
des particules basse density ayant une 
density foumissant une flottation et des 

so particules haute density ayant une density 

foumissant une sedimentation du conglo- 
merat dans ledit liquide ; et 
(ii) une matrice formte en consolidant au 
moins un agent conglomtrant choisi dans 

55 ie groupe constitue" des polysaccharides et 

autres polymeres a base de glucide, natu- 
rels et synthetiques ; 
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lesdites deux particules de base contro- 
lant la densite au moins etant disperstes dans 
ladite matrice ; 

(b) en ce que la gamme de taille des particules 
d'adsorbant est contrdiee ; 5 

(c) en ce que ladite densite et ladite gamme de 
taille sont choisies pour fournir les proprietes 
de flottation/sedimentation souhaitees desdi- 
tes particules d'adsorbant dans le liquide dans 

I edit precede k lit fluidise ; et ?o 

(d) en ce que la substance active au moins est 
liee de facon covalente k ladite matrice. 



Particules selon la revendication 1 , caracterisees 
en ce que lesdites particules de base sont imper- 
meables au fluide. 



10. 



15 



Particules selon Tune quelconque des revendica- 
tions 1 ou 2, caracterisees en ce que les particules 
de base basse densite sont creuses. 20 11. 

Particules selon Tune quelconque des revendica- 
tions 1 ou 2, caracterisees en ce que les particules 
de base hauta densite sont pleines. 

25 

Particules selon Tune quelconque des revendica- 
tions 1 k 4, caracterisees en ce que les particules 
de base constituent de 1 & 95 %, generalement de 
1,5^75%, en particulierde5& 50%, de preference 
de 5 k 40 %, et de toute preference de 5 k 30 % en 30 
volume par rapport au conglomerat. 



Particules selon Tune quelconque des revendica- 
tions 1 k 5, caracterisees en ce que les particules 
de base basse density sont constitutes de particu- 
les creuses ou de microspheres en verre unicellu- 
laires. 
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7. Particules selon Tune quelconque des revendica- 
tions 1 k 5, caracterisees en ce que les particules 40 
de base haute densite sont constitutes de particu- 
les de verre, de preference de microspheres en ver- 
re. 

8. Particules selon Tune quelconque des revendica- 45 
tions 1 k 7, caracterisees en ce que les polysaccha- 
rides et autres polymeres k base de glucide, natu- 
rels et synthetiques, sont choisis dans le groupe 
con st it u 6 de : 

50 

a) la gtlose, un alginate, une carraghtnine, la 
gomme de guar, la gomme arabique, la gomme 
ghatti, la gomme adragante, la gomme karaya, 
la gomme de caroube, la gomme xanthane, les 
agaroses, les celluloses, les pectines, les mu- ss 
cines, les dextranes, les amidons, les hepari- 
nes, les chitosanes, les hydroxy amidons, les 
amidons hydroxypropyies, les amidons car- 



boxymtthyles, les hydroxyethylcelluloses, les 
hydroxypropylcelluloses et les 

carboxymethylcetluloses ; et 
b) tes melanges de ceux-ci. 

Particules selon Tune quelconque des revendica- 
tions t k 8, caracterisees en ce que les polysaccha- 
rides et autres polymeres k base de glucide, natu- 
rels et synthetiques, sont ('agarose. 

Particules selon I'une quelconque des revendica- 
tions 1 k 9, caracterisees en ce que la substance 
active comprend une matiere ou des melanges de 
matieres choisies dans le groupe constitue : 

des composts ou ions organ iques et inorga- 
niques, des elements non mttalliques et des poly- 
meres organiques d'origine biologique et syntheti- 
que. 

Particules selon I'une quelconque des revendica- 
tions 1 & 10, caracterisees en ce que la substance 
active comprend un element choisi dans le groupe 
constitut : 

des ligands connus d'eux-memes dans le do- 
maine de la chromatographie, par exemple des 
especes chargtes, k savoir pour la chromato- 
graphie par echange d'ions, des proteines, des 
colorants, des inhibiteurs d'enzyme, des li- 
gands specifiques pour des proteines sptcifi- 
ques, par exemple la biotine pour purifier I'avi- 
dine et d'autres proteines fixant la biotine, des 
glucides pour purifier les lectines ou les glyco- 
sidases, laproteine A, des chelates, par exem- 
ple I'acide imtnodiacetique, des acides amines, 
par exemple I'arginine, la lysine et I'histidine, 
des polymeres sulfates incluant par exemple 
les htparines, I'acide benzhydroxamique, des 
ligands hydrophobes, par exemple des grou- 
pes hydrocarbones tels que le radical phenyle, 
des ligands thiophiles, k savoir des substances 
activtes par la divinylsulfone couplees avec du 
mercaptotthanol, la 4-hydroxy pyridine, la 3-hy- 
droxypyridine ou la 2-hydroxypyridine ; 
des polynucleotides et acides nucltiques natu- 
rels et synthetiques, incluant I'ADN, TARN, le 
poty-A, le poly-G, le poly-U, le poly-C et le poly- 
T; 

des polysaccharides et autres polymeres k ba- 
se de glucide, naturels et synthetiques, incluant 
la gelose, un alginate, une carragrtenine, la 
gomme de guar, la gomme arabique, la gomme 
ghatti, la gomme adragante, la gomme karaya, 
la gomme de caroube, la gomme xanthane, les 
agaroses, les celluloses, les pectines, les mu- 
cines, les dextranes, les amidons et les 
heparines ; 

des peptides et polypeptides et autres polyme- 
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res a base d'acides amines, naturels et synth6- 
tiques, incluantles gelatines, lesalbumines, les 
h emog lob u lines, les immunoglobulines in- 
cluant les anticorps poly- et mono-clonaux, les 
antigenes, la proteine G, les lectines, les glyco- s 
proteines telles que les ovomucoTdes, les pro- 
teines fixant la biotine, par exemple I'avidine et 
la streptavidine, les enzymes, par exemple les 
proteases, et les inhibiteurs de protease ; et 
des melanges de ceux-ci. to 

12. Particules selon Tune quelconque des revendica- 
tions 1 a 11, caracterisees en ce que la substance 
active est I tee de facon covalente aux particules 
d'adsorbant au moyen d'agents d'activation ou de is 
transformation activant ou transformant Pagent con- 
glomerant, ou les particules du conglomerat. 

13. Particules selon la revendication 12, caracterisees 

en ce que les agents d'activation ou de transforma- 20 
tion sont choisis dans un groupe constitue : 

des ions bromure de cyanogene, divinylsulfo- 
ne, epichlorhydrine, bisepoxyranes, dibromopropa- 
nol, dialdehyde glutarique.^rbodiimides, anhydri- 
des, hydrazines, periodates, benzoquinones, triazi- 25 
nes, tosylates, tresylates et diazonium. 

14. Particules selon Tune quelconque des revendica- 
tions 1 a 1 3, caracterisees en ce que la density re- 
lative est de 0,1 a 15, en particulier de 0,1 a 5, et 30 
de preference de 0,2 a 2. 

15. Particules selon Tune quelconque des revendica- 
tions 1 a 1 3, caracterisees en ce que la densite re- 
lative estde 1 a 15, en particulier de 1,1 a 5, et de 35 
preference de 1 ,1 a 2. 

16. Particules selon Tune quelconque des revendica- 
tions 1 a 1 3, caracterisees en ce que la densite re- 
lative est de 0,1 a 1, generalement de 0,2 a 0,95, 40 
en particulier de 0,3 a 0,8, et de presence de 0,5 

a 0,75. 

17. Particules selon Tune quelconque des revendica- 
tions 1 a 16, caracterisees en ce que leur taille est 45 
dans une gamme choisie dans le groupe constitue 

de : 

1-10000 um 

1-5000u/n, SO 
1-4000 ujti, 
1-3000 |im, 
1-2000 (-un, 
1-1000 |am, 

50-500 (am. ss 

18. Particules selon la revendication 17, en particulier 
pour la purification et la fixation de proteines et 
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d'autres substances de haut poids moieculaire, ca- 
racterisees en ce que leur taille est dans une gam- 
me choisie dans les groupes constitues de : 

1 -2000 urn 
10-1000 urn 
50-750 u^m, 

100-500 (im, de toute preference. 

19. Precede de preparation de particules d'adsorbant 
chromatographique telles que definies dans I'une 
quelconque des revendications 1 a 18, caracterise 
par les etapes consistant a : 

a) m6langer des particules de base choisies 
dans le groupe constitue des particules basse 
densite ayant une densite fournissant une flo- 
tation, et des particules haute densite ayant 
une densite fournissant une sedimentation du 
conglomerat dans le liquide, lesdites particules 
de base etant faites en silice amorphe, quartz 
ou verre 

avec au moins un agent conglomerant 
choisi dans le groupe constitue des poly- 
saccharides et autres polymeres a base de 
gtucide, naturels et synthetiques, tels que 
definis dans la revendication 8 
et, facultativement, a chauffer ledit 
melange ; - 

b) emulsifier ledit melange dans un solvant 
approprie ; 

c) consolider ledit agent conglomerant par un 
moyen approprie tel qu'une gelification par 
chauffage/refroidtssement, une polymerisation 
d'un monomere ou de melanges de monome- 
res, et une reticulation non covalente ou 
covalente ; et a 

d) isoler et laver les particules du conglomerat 
consolide. 

20. Precede selon la revendication 1 9, caracterise en 
ce que les particules du conglomerat isolees et la- 
vees sont tri€es selon la taille et ('aptitude a recou- 
pment. 

21 . Procede selon la revendication 1 9 ou 20, caracte- 
rise en ce que ('agent conglomerant ou les particu- 
les du conglomerat sont actives ou transformes. 

22. Procede de preparation de particules d'adsorbant 
chromatographique telles que definies dans Tune 
quelconque des revendications 1 a 18, caracterise 
par les etapes consistant a : 

a) meianger des particules de base choisies 
dans le groupe constitue des particules basse 
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densite ayant une densite fournissant une flot- 
tation, et des particules haute densite ayant 
une densite fournissant une sedimentation du 
conglomerat dans le liquide, lesdites particules 
etant faites en silice amorphe, quartz ou verre 5 

avec au moins un agent con glome rant 
choisi dans le groupe const it u 6 des polysac- 
charides et autres polymeres a base de gluci- 
de, natureis et synthetiques, tels que deftnis 
dans la revendication 8 et, facultativement, a 10 
chauffer ledit melange ; 

b) consolider ledit agent con g lorn erant par un 
moyen approprie tel qu'une gelification par 
chauffage/ref roidissement, une polymerisation 
d'un monomere ou de melanges de monome- is 
res, et une reticulation non covalente ou 
covaiente ; 

c) desintegrer le bloc de conglomerat ; et a 

d) isoler et laver les particules du conglomerat. 

20 

23. Precede selon la revendication 22, caracterise en 
ce que les particules du conglomerat isolees et la- 
vees sont triees selon la taille et I'aptitude a I'ecou- 
lement. v?f< 

25 

24. Procede selon la revendication 22 ou 23, caracte- 
rise en ce que Pagent conglomerant ou les particu- 
les du conglomerat sont actives ou transformes. 

- 25. Utilisation de particules d'adsorbant chromatogra- 30 
phique selon Tune quelconque des revendications 
1 a 18, en tant que matrice de phase solide dans 
un reacteur a lit fluidise. 

26. Utilisation selon la revendication 25 dans un mode 35 
operatoire choisi dans le groupe constitue : 

des modes operatoires chromatographiques 
employant des colonnes non remplies, notamment 
la chromatographie liquide, lachromatographie par 
echange d'ions et la chromatographie d'affinite 40 
biospecifique telle que la chromatographie d'immu- 
nosorption et de proteine A, et la chromatographie 
d'affinite specifique pour un groupe telle que la 
chromatographie hydrophobe, thiophile, d'un colo- 
rant, de lectine et d'un chelate de metal. 4S 

27. Utilisation selon la revendication 25 ou 26, caracte- 
risee en ce que le reacteur a lit fluidise est un reac- 
teur a lit fluidise a ecoulement descendant de liqui- 
de comprenant un recipient de reacteur vertical so 
avec une entree, une sortie, un lit fluidise desdites 
particules d'adsorbant chromatographique, et des 
moyens d'agitation ; lesdrts moyens d'agitation 
etant situes pres du lit fluidise, ou dans celui-ci, pres 

de I'entree de liquide. 55 

28. Utilisation selon la revendication 27 pour distribuer 
le liquide dans le lit fluidise, caracterisee 



a) en ce que les particules d'adsorbant chroma- 
tographique et le liquide pres de I'entree de li- 
quide sont agites pour diviser le lit fluidise 

i) en une zone turbulente ayant des parti- 
cules se deplacant vigoureusement, et 

ii) en une zone non turbulente ; 

ladite zone non turbulente etant adjacente a la- 
dite zone turbulente ; et 

b) en ce que I'etendue de ladite zone turbulente 
est determinee par le degre d'agitation, choisi 
dans une gamme allant 

i) d'un degre d'agitation fournissant de la 
turbulence seulement dans la partie supe- 
rieure du lit fluidise, 

ii) jusqu'a un degre d'agitation fournissant 
de ta turbulence des particules au travers 
du lit fluidise. 

29. Utilisation selon la revendication 25 ou 26, caracte- 
risee en ce que le reacteur a lit fluidise est un reac- 
teur a lit fluidis^ a ecoulement ascendant de liquide 
comprenant un recipient de reacteur vertical avec 
une entree, une sortie, un lit fluidise desdites parti- 
cules d'adsorbant chromatographique, et des 
moyens d'agitation ; lesdits moyens d'agitation 
etant situes pres du lit fluidise, ou dans celui-ci, pres 
de I'entree de liquide. 

30. Utilisation selon la revendication 29, pour distribuer 
le liquide dans le lit fluidise, caracterisee 

a) en ce que les particules d'adsorbant chroma- 
tographique et le liquide pres de I'entree de li- 
quide sont agites pour diviser le lit fluidise 

i) en une zone turbulente ayant des parti- 
cules se deplacant vigoureusement, et 

ii) en une zone non turbulente ; 

ladite zone non turbulente etant adjacente a la- 
dite zone turbulente ; et 

b) en ce que I'etendue de ladite zone turbulente 
est determinee par le degre d'agitation, choisi 
dans une gamme allant 

i) d'un degre d'agitation fournissant de la 
turbulence seulement dans la partie infe- 
rieure du lit fluidise, 

ii) jusqu'a un degre d'agitation fournissant 
de la turbulence des particules au travers 
du lit fluidise. 
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